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LETTER  L 

Continuation   of  the   Subjedj  and  of  Mijiakes  in  ibd 

Knowledge  of  Truths 

Madam^ 

THE  three  clafles  of  truths  which  I  have  now  un*» 
folded,  are  the  only  fources  of  all  our  know- 
ledge ;  all  bemg  derived  from  our  own  experience, 
from  reafoning,  or  from  the  report  of  others. 

It  is  not  eafy  to  determine  which  of  thefe  three 
fources  contributes  moft  to  the  increafe  of  know- 
ledge. Adam  and  Eve  mufl  have  derived  theirs 
chiefly  from  the  two  firft ;  God,  however,  revealed 
many  things  to  them,  the  knowledge  of  which  is  to 
be  referred  to  the  third  fource,  as  neither  their  own 
experience,  nor  their  powers  of  reafoning,  could  have 
conducted  them  fo  far. 

Without  recurring  to  a  period  fb  remote,  we  are 
fuificiently  convinced,  that  if  we  were  determined  to 
believe  nothing  of  vrhat  we  hear  from  others,  or  read 
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in  their  writings,  we  fliould  be  in  a  fbttc*  of  atrtioil 
total  ignorance.  It  is  very  far,  however,  from  being 
6ur  duty  to  believe  every  thing  that  is  faid,  or  that 
we  read-  We  ought  conftantly  to  employ  our  dif- 
cerning  faculties,  not  only  with  refpeft  to  truths  of 
the  third  dafs,  but  likewife  of  the  two  other s* 

We  are  fo  liaUe  to  fuflfer  ourfelves  to  be  dazzled 
by  the  fenfes,  and  to  miftake  in  our  reafonings,  that 
the  yery  fources  laid  open  by  the  Creator  for  the 
difcovety  of  truth,  very  frequently  plunge  us  into 
error.  Notions  of  the  third  clafs^  therefore,  ought 
not,  in  reafon,  to  fall  under  fufpicion,  any  more  than 
fuch  as  belong  to  the  c^her  two.  We  ought,  there- 
fpre^  to  be  equally  on  our  guard  againft  deception, 
whatever  be  the  clafs  to  whigh  the  notion  belongs  j 
for  we  find  as  many  inftances  of  error  in  the  firft 
and  fecond  claffes  as  in  the  third.  The  fame  thing 
holds  with  regard  to  the  certainty  erf  the  particular 
articles  oi  knowledge  which  thefe  three  fources  fup- 
ply ;  and  it  cannot  be  affirmed  that  the  truths  of 
any  one  order  have  a  furer  foundation  than  thofe  of 
another.  Each  dafs  is  liable  to  errors,  by  which  we 
may  be  mifled ;  but  there  are  likewife  precautions 
which,  carefully  obferved,  furnifli  us  with  nearly 
the  fame  degree  of  conviction.  I  do  not  know 
whether  you  are  more  thoroughly  convinced  of  this 
truth,  that  two  triangles  which  have  the  fame  bafe, 
and  the  fame  height,  are  equal  to  one  another,  than 
of ,  this,  that  the  Ruffians  have  been  at  Berlin; 
though  the  former  is  founded  on  a  chain  of  accurate 

reafoning. 


Ireafohing,  whereas  the  latter  depends  Entirely  on  the 
Veracity  of  your  informer. 

Refpeding  the  ttiiths,  therefore,  of  each  of  thefe 
dafles,  we  ^mUft  reft  fatisfied  with  fuch  proofs  as 
correfpond  to  thdr  nature ;  and  it  would  be  ridicu-* 
lous  to  inlift  upon  a  geometrical  demonftration  of 
the  truths  of  experience,  or  of  hiftory.  This  is  ufu* 
ally  the  fault  of  thofe  who  make  a  bad  ufe  of  their 
penetration  in  intellectual  truths,  to  require  mathe- 
matical .demonftration,  in  proof  of  all  the  truths  of 
religion,  a  great  part  of  which  belongs  to  the  third 
€la&. 

There  are  perfons  determined  to  believe  and  ad* 
ttiit  nothing  but  what  they  fee  and  touch ;  what* 
ever  you  would  prove  to  them  by  reafoning,  be  it 
ever  fo  folid,  they  are  difpofed  to  fui^eft,  unlefs  you 
place  It  before  their  eyes.  Chymlfts,  anatomifts^ 
and  natural  philoft)phers,  who  employ  themfelves 
wholly  in  making  experiments,  are  moft  chargeable 
with  this  fault.  Every  thing  that  the  one  cannot 
mdt  in  his  crucible,  or  the  other  diffeft  with  his 
fcalpd,  they  reject  as  unfounded.  To  no  purpofe 
'you  would  fpeak  to  them  of  the  qualities  and  nature 
of  the  foul ;  they  admit  nothing  but  what  ftrikes 
the  fenfes. 

Thus,  the  particular  kind  of  ftudy  to  which  every 
one  is  addided,  has  fuch  a  powerful  influence  on  his 
manner  of  thinking,  that  the  natural  philoibpher 
and  chymift  will  have  nothing  but  experiments,  and 
the  geometrician  and  logician  nothing  but  argu- 
ments; which  conftitute,  however,  proofs  entirely 

B  a  diflferent. 


4  MISTAKES,  &C.- 

different,  the  one  attached  to  the  firft  dafe,  the  other 
to  the  fecond,  which  ought  always  to  be  carefully 
diftinguiflied,  according  to  the  nature  of  the  objefts. 

But  can  it  be  poffible  that  perfons  fhould  exift, 
who,  wholly  abforbed  in  purfuits  pertaining  to  the 
third  clafs,  call  only  for  proofs  derived  from  that 
fourcc  ?  I  have  known  fome  of  this  defcription,  who, 
totally  devoted  to  the  ftudy  of  hiftory  and  antiquity, 
would  admit  nothing  as  true,  but  what  you  could 
prove  by  hiftory,  or  the  authority  of  fome  ancient 
author.  They  perfeftly  agree  with  you,  refpe<9ing 
the  truth  of  the  propofitions  of  Euclid,  but  merely 
on  the  authority  of  that  author^  without  paying  any 
attention  to  the  demonftrations  by  which  he  fup- 
ports  them  j  they  even  imagine  that  the  contrary 
of  thefe  propofitions  might  be  true,  if  the  ancient 
geometricians  had  thought  proper  to  maintain  it. 

This  is  a  fource  of  error  which  retards  many  in 
the  purfuit  of  truth ;  but  we  find  it  rather  among 
the  learned,  than  among  thofe  who  are  beginning  to 
apply  themfelves  to  the  ftudy  of  the  fciences.  We 
ought  to  have  no  prediledion  in  favour  of  any  one 
of  the  three  fpecies  of  proofs  which  each  clafs  re* 
quires ;  and  provided  they  are  fufficient,  in  their 
kind,  we  are  bound  to  admit  them. 
.  /  have  fecn  or  felt^  is  the  proof  of  the  firft  clafs. 
/  can  demanfirate  it^  is  that  of  the  fecond  ^;  we  like- 
wife  fay,  /  know  it  is  fo^  Finally,  /  receive  it  on  the 
tejlimony  of  perfons  worthy  of  credit^  or  /  believe  it  on 
f olid  grounds y\s  the  proof  of  the  third  dais. 

^b  Jprily  1761. 
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LETTER  n. 

Tirji  Clafi  tif  known  Truths.     Convi^ion  that  Things 

.  exiji  externally  correfponding  to  the  Ideas  reprefented 

by  the  Senfes*     Objedion  of  the  Pyrrhonijis.     Reply » 

T  T  TE  include  in  the  firft  clafs  of  known  truths, . 
^  ^  thofe  which  we  acquire  immediately  by  means 
of  the  fenfes-  I  have  already  remarked,  that  they 
not  only  fupply  the  foul  with  certain  reprefentations 
relative  to  the  changes  produced  In  a  part  of  the 
brain  ;  but  that  they  excite  there  a  conviction  of  the 
real  exiftence  of  things  external,  correljponding  to 
the  ideas  which  the  fenfes  prefent  to  us* 

The  foul  is  frequently  compared  to  a  man  (hut  up 
in  a  dark  room,  in  which  the  images  of  external  ob- 
jects are  reprefented  on  the  wall  by  means  of  a  glafs. 
-This  comparifon  is  tolerably  juft,  as  far  as  it  refpecls 
the  man  looking  at  the  images  on  the  wall ;  for  this 
aft  is  fufBciently  fimilar  to  that  of  the  foul,  contem- 
plating the  impreffions  made  in  the  brain  j  but  the 
comparifon  appears  to  me  extremely  defective,  as  fur 
as  it  refpeds  the  conviftion,  that  the  objeds,  which 
occafion  thefe  images,  really  exift. 

The  man  in  the  dark  room  will  immediately  fuf- 
pe6t  the  exiftence  of  thefe  objeds ;  and^  if  he  has  no 
doubt  about  the  matter,  it  is  becaufe  he  has  been  out 
of  doors,  and  has  feen  them ;  befides  this,  kno  vving 
the  nature  of  his  glafs,  he  is  affured,  that  nothini>  can. 
be  reprefented  on  the  wall  but  the  images  of  the  ot- 
Jecls  which  are  without  the  chamber  before  the  giafe* 

B  3  But 
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But  this  is  not  the  cafe  with  the  foul ;  it  has  never 
quitted  its  place  of  reiidence  to  contemplate  the  ob- 
jeAs  themfelves  :  and  it  knows  ftill  lefs  the  conftruc- 
tion  of  the  fenfitive  qrgans,  and  the  nerves  whicE 
terminate  in  the  brain.  It  is,  i^exthelefs,  much 
more  powerfully  convinced  of  tjie.  real  exiftence  p.f 
objefts,  than  our  man  in  the  dark  room,  poflibly  caix 
be,  I  am  apprehenfive  of  no  objection  on  the  fubjeft, 
the  thing  being  too  clear  of  itfelf  to  admit  any,  though 
we  do  not  know  the  true  foundation  of  it.  No  one 
ever  entertained  any  doubt  about  it,  except  certain 
vifionaries,  who  have  bewildered  themfelves  in  their, 
own  reveries.  Though  they  fay,  that  they  doubt  the 
exiftence  of  external  objefts,  they  entertain  no  fuch 
doubt  in  fad ;  for  why  would  they  have  affirmed  it, 
unlefs  they  had  believed  the  exiftence  of  other  men, 
to  whom  they  wiflied  tb  communicate  their  extrava- 
gant  opinions  ? 

This  conviftion,  refpefting  the  exiftence  of  the. 
things  whofe  images  the  fenfes  reprefent,  appears  not 
only  in  men  of  every  age  and  condition,  but  likewife 
in  alt  animals.  The  dog  which  barks  at  me  has  no 
doubt  of  my  exiftence,  though  his  foul  perceives  but 
a  flight  image  of  my  perfon.  Hence  I  conclude,  that 
this  conviftion  i^  effentially  conneded  with  our  fen- 
fetions,  and  that  the  truths  which  the  fenfes  convey 
to  us,  are  as  well  founded  as  the  moft  undoubted 

t  •         -  ' 

truths  of  geometry. 

Without  this  conviftion  no  human,  fociety  could 
ftibfift,,far  we  fho.uld  be  continu^ly  falling  into  the 
greateft  abfutditifes,  and. the  groffeft!  cont;radiclions. 

Were 
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Were  the  peafantry  to  dream  of  doubting  about 
the  exiftence  of  their  bailiff,  or  foldiers  about  that 
of  their  officers,  into  what  confiifion  fliould  we  be 
phiriged!  fuch  abfurdities  are  entertained  only  by 
philofophcrs ;  any  other  giving  himfelf  up  to  them, 
would  be  confidered  as  having  loft  his  reafon.  Let 
us,  then,  acknowledge  this  convidtion  as  one  of  the 
principal  laws  of  nature,  and  that  it  is  complete, 
though  we  are  abfolutely  ignorant  of  its  true  reafons, 
and  very  far  from  being  able  to  explain  them  in  an 
intelligible  manner. 

However  important  this  refiedHon  may  be,  it  is 
by  no  means,  however,  exempted  from  difficulties ; 
but  were  they  everfo  great,  and  though  it  might  be 
impoffible  for  us  to  folve  them,  they  do  not  in  the 
fmalleft  degree  afFeft  the  truth  which  I  have  juft 
eftablilhed,  and  which  we  ought  to  confider  as  the 
ihoft  folid  foundation  of  human  knowledge. 

It  muft  be  allowed,  that  our  fenfes  fometimes  dc- 
ceive  us ;  and  hence  it  is  that  thofe  fubtile  philolo- 
phers,  who  value  themfelves  on  doubting  of  even^ 
thing,  deduce  the  confequence,  that  we  ought  never 
to  depend  on  our  fenfes.  I  have  perhaps  oftener 
riian  once  met  an  unknown  perfon  in  the  ftreet, 
whom  I  miftook  for  an  acquaintance :  as  I  was  de« 
iseived  in  that  inftance,  nothing  prevents  my  being 
sdways  deceived ;  and  I  am,  therefore,  never  affiired, 
that  the  perfon  to  whom  I  fpeak  is  in  reality  the  one 
I  imagine, 

Were  I  to  go  to  Magdeburg,  and  to  prefent  my* 
fejf  to  your  Jlighnefs,  I  ought  always  to  be  appre- 

'  B  4  henfive 
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henfive  of  grofsly  miftaking :  nay,  perhaps,  I  fhould 
not  be  at  Magdeburg,  for  there  are  inftances  of  a 
man's  fometimes  taking  one  city  for  another.  It  is 
even  poiUble  I  may  never  have  had  the  happinefs  of 
feeing  you,  but  was  always  under  the  power  of  dc-i 
lufion,  when  I  thought  wyfelf  to  be  enjpying  that 
felicity. 

Such  are  the  natural  confequences  refulting  from 
the  fentiments  of  certain  philofophers ;  and  you  muft 
be  abundantly  fenfible,  that  they  not  only  lead  to 
manifeft  abfurdity,  but  have  a  tendency  to  diffplyc 
9.11  the  bands  of  fociety. 

"J tb  Aprils  1 761, 
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Another  Objection  of  the  Pyrrhonijis  againjl  the  Certainty, 
of  Truths  perceived  by  the  Senfes.  Reply  ;  and  Pre- 
cautions  for  attaining  AJfurance  offenjible  Truths. 

THOUGH  the  objection  raifed  againft  the  cer- 
tainty of  truths  perceived  by  the  fenfes,  of 
which  I  have  been  fpeaking,  may  appear  fulEciently 
powerful,  attempts  have  been  made  to  give  it  addi- 
tional fupport  from  the  weU-known  maxim,  that 
we  ought  never  to  truft  him  who  has  pnce  deceived 
us.  A  fingle  example,  therefore,  of  miftake  in  the 
fenfes,  is  fufficient  to  deftrpy  all  xhdx  credit.  If  this 
objeftion  is  well-founded,  it  muft  be  admitted,  that; 
human  fociety  is,  of  courfe,  completely  fubverted. 
By  way  of  reply,  I  repiark?  that  the  (wo  othe^i 

fources 
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purees  of  knowledge  are  fubject  to  diffiailties  of  a 
fimilar  nature,  nay  perhaps  ftill  more  formidable. 
How  often  are  our  reafonings  erroneous  ?  I  venture 
to  aflton,  that  we  are  much  more  frequently  de* 
cdved  by  thefe,  than  by  our  fenfes.  But  does  it 
follow,  that  our  reafonings  are  always  fallacious,  and 
that  we  can  have  no  dependance  on  any  truth  difco- 
vered  to  us  by  the  under ftanding?  It  muft  be  a  mat- 
ter of  doubt,  then,  whether  two  and  two  make  four, 
or  whether  the  three  angles  of  a  triangle  be  equal  to 
^wo  right  angles ;  it  would  even  be  ridiculous  to  pre- 
tend that  this  fliould  pafs  for  truth.  Though,  there- 
fore, men  may  have  frequently  reafoned  inconclu- 
fively,  it  would  be  moft  abfurd  to  infer,  that  there 
^e  not  n^any  intelleftual  truths,  of  which  we  have 
the  moft  complete  conviftion. 

The  fame  remark  applies  to  the  third  fource  of 
human  knowledge,  which  is  unqueftionably  the  njoft 
fubje^  to  error.     How  often  have  we  been  deceived 
by  a  groundlefe  rumour,  or  falfe  report  refpefting 
pertain  events  ?   And  who  would  be  fo  weak  as  to 
believe  all  that  gazetteers  and  hiftorians  have  writ- 
ten ?   At  the  fame  time,  whoever  Ihould  think  of 
maintaining  that  every  thing  related  or  written  by 
others  is  falfe,  would  undoubtedly  fall  into  greater 
abfurdities,than  the  perfon  who  believed  every  thing. 
Accordingly,  notwithftanding  fo  many  groundlefs 
reports  and  falfe  teftimonies,  we  are  perfeftly  affured 
of  the  truth  of  numberlefs  fafts,  of  which  we  have 
no  evidence  but  teftimony. 

There  are  certain  charafters  which  enable  us  to 

diftinguifli 
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difi:ingaiih  truths  and  each  of  the  tkx^ee  fb^rjces  has 
characters  pccuKar  to  itfdf.  When  ifty  c^ea  have 
deceived  me,  in  miftaking  one  man  fot  another^  I 
prefently  difcovered  my  error  j  it  is  cfvident,  there-* 
fore,  that  precautions  may  be  ufed  for  the  preven-^ 
lion  of  error.  If  there  were  ftot,  it  would  be  itft-^ 
posflSfele  ever  to  perceive  that  we  hakl  been  deceived.- 
Thofe^  tben^  who  maintain  that  we  fo  often  deceive 
ourfelves,  are  obBgai  to  admits  that  it  is  pofllble  fw 
ii»  to  perceive  we  have  been  dedeived,  or  they  iiiuft 
acknowledge  that  they  themfelves  afe  deceived  wheK 
they  charge  us  with  error. 

.  k  is  remarkable,  that  truth  is  fo  weH  eftaWifhed, 
that  the  moft  violent  propenfity  to  doubt  of  every 
thingy  muft  come  to  this,  in  Ipite  of  itfelf.  There-r 
fore,  as  logick  prefcribes  rule»  for  juft  rcafoning,  thd 
cbfervance  of  which  will  fecure  us  froUft  error,  where 
intelleftual  truth  is  concerned;  there  are  likewife 
cjertain  rules,  as  wdl  for  the  firft  foufce,  that  of  our 
fenfes,  as  for  the  third,  that  of  belief.-' 

The  rules  of  the  firft  are  fo  natural  to  usj  that  aft 
meuy  the  moft  ftupid  not  excepted,  underftaild  and 
ptzQife  them  much  better  than  the  greateft  fcholars? 
are  able  to  dcfcribe  thenu  Though  it  may  be  eafy' 
fe«net'imes  to  confound  a  down,  yet  when  the  hail> 
deftroys  his^  crop,  or  the  thunder  breaks  upon  hh 
cottage,  the  moft  ingenious  philofopher  will  nevey 
perfuade  him  that  it  was  a  mere  illufion  ;  and  every 
man  of  fenfe  muft  admit  that  the  country-fellow  is 
in  the  right,  and  that  he  is  not  always  the  dupe  of 
the  fallacioufnefs  of  his  fenfes.   The  philpfopher  may 

2  '  be 
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lie  aUe,  perhaps,  to  perplex  him  to  fiich  a  degree 
that  he  ihall  be  enable  to  reply,  but  he  will  inwardly 
preat  all  the  fine  ^reafonings,  which  attempted  to  con>- 
found  him,  with  the  utmoft  fcacn«  The  argument, 
that  the  fenfes  fometimes  deceive  us,  will  make  but 
a  very  flight  impreffion  on  his  mind ;  and  when  he 
is  told,  with  the  greateft  eloquence,  that  every  thing 
the  fenfes  reprefent  to  us  has  no  more  reality  than  the 
vifions  of  the  night,  it  will  only  provoke  laughter. 

But  if  the  clown  fliould  pretend  to  play  the  phi- 
loibpher,  in  Ym  turn,  and  maintain  that  the  baHHFis 
a  mere  phantom,  and  that  all  who  confider  him  as 
ibmething  real,  and  fubmit  to  iiis  authority,  are 
fools ;  this  fublime  philofophy  would  be  in  a  mo- 
xopnt  overtujaied,  and  the  leader  of  the  feft  foon 
made  to  f^d,  tp  his  coft,  the  force  of  the  proofs  which 
the  bailiff  could  give  him  of  the  reality  of  his  esr* 
iftence. 

You  muft  be  perfeiftly  &tisfied,  then,  that  tl^^re 
are  certain  charafters  which  deftroy  every  fliadow 
of  doubt  reipefting  the  reality  and  truth  of  what  we 
]imow  by  the  fenfes ;  and  thefe  fame  charaders  are  £o 
well  known,  and  fo  firongly  imprefled  on  our  minds, 
that  we  are  never  deceived  when  we  employ  the 
precautions  neceffary  to  that  effeft.  But  it  is  ex- 
tremely difficult  to  make  an  exaft  enumeration  of 
thefe  charafters,  and  to  explain  their  irature.  We 
commonly  fay,  that  the  fenfitive  organs  ought  to  be 
in  a  good  natural  ftate;  that  the  air  ought  not  to  be 
pbfcured  by  a  fog;  finally,  that  we  muft  employ  2b 
Sufficient  degree  pf  attention,  and  endeavour,  above; 

all  ^ 
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hd&cveA  only  refpeding  what  he  himielf  has  feeli  6i 
experienced*    Accordingly^  in  courts  of  juflice,  when 
witneffes  are  examined,  great  care  is  takda  to  dit 
fdnguiiU}  In  their  declarations,  what  they  themfdves 
Jiave  feen  and  experienced,  from  what  they  fro- 
qQently  add  of  their  refl^ions  and  reafonings  upon 
It,     Strefs  is  laid  only  on  what  they  themfdves  havd 
fcen  or  experienced;  but  their  reflections,  and  the 
condufions  which  they  draw,  however  well  founded 
they  tpay  otherwifc  be,  are  entirely  fct  afide.    The 
feme  maxim  is  obferved  with  refped  to  hiftoriatis, 
aiid  we  wifh  them  to  relate  only  what  they  them- 
felves  have  witnefled,  without  purfuing  the  reflec- 
tioBs.  which  they  fo  frequently  annex,  though  thefc 
may  be  a  great  ornament  to  hiftory.    Thus  we  have 
a  greater  dependance  on  the  truth  of  what  others 
have  experienced  by  their  own  fenfes,  than  on  what 
they  have  difcovered  by  purfuing  their  meditations. 
Every  one  wiflies  to  be  mafter  of  his  own  judgment, 
and  unlefs  he  himfelf  feels  the  foundation  and  the 
demonftration,  he  is  not  perfuaded, 

Euclid  would  in  vain  have  announced  to  us  the 
moft  important  truths  of  geometry;  we  ihould  ne- 
ver have  believed  him  on  his  word,  but  have  infifted 
on  profecuting  the  demonftration  ftep  by  ftep  our- 
felvcs.  If  I  were  to  tell  you,  that  I  had  feen  fuch 
or  fuch  a  thing,  fuppofing  my  report  faithful,  you 
would  without  hefitation  give  credit  to  it;  nay  I 
fliould  be  very  much  mortified  if  you  were  to  fuf- 
peft  me  of  fallhood.  But  when  I  inform  you,  that 
in  a  right-angled  triangle,  the  fquaires  defcribed  on' 
^-         -  the 
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ihe  tko  finaller  fides  are  toother  equal  to  the  fquare 
of  the  greater  fide,  I  do  not  wiih  to  he  believed  on 
toy  woiti,  though  I  am  as  much  convioced  of  it,  as 
It  is  poflible  to  be  of  any  thing ;  and  though  I  could 
allege,  to  the  famef  purpofcj  the  authority  of  the 
greateft  geniufes  who  have  had  the  fame  convi6tion, 
1  ihould  rather  wift  you  to  difcredit  my  aflertion, 
and  to  withhold  your  aflent,  till  you  yourfelf  com^ 
firdiended  the  folidity  of  the  reafonihgs  on  whidi 
the  demooftntion  is  |ounded« 

It  does  not  follow,  however,  that  phyfical  cer- 
tainty, or  that  which  the  fenfes  fupply,  is  greater 
than^  logical  certainty,  founded  on  reafoning;  but, 
whenever  a  truth  of  this  fpecies  prefents  itfdf,  it  is 
proper  that  the  mind  fliould  give  clofe  application  to 
it,  and  become  mailer  of  the  demonftration.  This 
is  the  beft  method  of  cultivating  the  fciences,  and  of 
carrying  them  to  the  higheft  degree  of  perfeftion. 

The  truths  of  the  fenfes,  and  of  hiftory,  greatly 
mukjply  the  particulars  of  human  knowledge;  but 
the  faculties  of  the  mind  are  put  In  acUon  only  by 
refleftion  or  reafoning. 

We  never  flop  at  the  fimple  evidence  of  the  fenfes, 
or  the  fefts  related  by  others;  but  always  follow 
them  up  and  blend  them  with  reflexions  of  our 
own :  we  infenfibly  fupply  what  feems  deficient,  by 
the  addition  of  caufes  and  motives,  and  the  deduc- 
tion of  confequences.  It  is  extremely  diflScult,  for 
this  reafon,  in  courts  of  juftice,  to  procure  fimple, 
unblended  teftitoony,  fuch  as  contains  what  the  wit- 
neis  aftuaHy  few  and  felt,  anS  no  more;  for  witnefles 

ever 
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ever  will  be  mingling  their  own  refledionSy  without 
perceiving  that  they  are  doing  fo« 
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LETTER    V. 

Remarks  that  the  Senfes  contribute  to  the  Increafe  of 
Knowledge;  and  Precautions  for  enquiring  the  Cer^^ 
tainty  ofHiJiorical  Truths. 

'TP HE  knowledge  fupplied  by  our  fenfes  is.  un- 
-*"  douibtedly  the  earlieft  which  we  acquire,  and 
upon  this  the  foul  founds  the  thoughts  and  reflec- 
tions which  difcover  to  it  a  great  variety  of  intel- 
le6hial  truths.  In  order  the  better  to  comprehend 
how  the  fenfes  contribute  to  the  advancement  of 
knowledge,  I  begin  with  remarking,  that  the  fenfes 
ad  only  on  individual  things,  which  aftually  exift 
under  circumftances  determined  or  limited  on  all 
fides. 

Let  us  fuppofe  a  man  fuddenly  placed  in  the  world, 
poffefled  of  all  his  faculties,  but  entirely  deftitute  of 
experience ;  let  a  ftone  be  put  in  his  hand,  let  him 
then  open  that  hand,  and  obferve  that  the  ftone  falls. 
This  is  an  experiment  limited  on  all  fides,  which 
gives  him  no  information,  except  that  this  ftone  be- 
ing in  the  left  hand,  for  example,  and  dropped,  falls 
to  the  ground ;  he  is  by  no  means  abfolutely  certain 
that  the  fame  effeft  would  enfue,  were  he  to  take 
another  ftone,  or  the  fame  ftone  with  his  right  hand. 

It 
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It  is  ftill  uncertain  whether  this  ftone,  under  the 
iame  drcumflances,  would  again  fall,  or  whether  it 
would  have  fallen,  had  it  been  taken  up  an  hour 
fooner.  This  experiment  alone  gives  him  no  light 
refpeding  thefe  particulars. 

The  man  in  queftion  takes  another  ftone,  and  ob* 
ferves  that  it  falls  likewife,  whether  dropped  from 
the  right  hand  or  from  the  left;  he  repeats  the  ex- 
periment with  a  third  and  a  fourth  ftone,  and  uni- 
formly obferves  the  fame  eflFecl.  He  hence  concludes 
that  flones  have  the  property  of  falling  when  drop- 
ped, or"  when  that  wliich  fupports  them  is  with* 
drawn. 

Here  then  is  an  article  of  knowledge  which  the 
man  has  derived  from  the  experiments  which  he  has 
made.  He  is  very  far  from  having  made  trial  of 
every  flone,  or,  fuppofing  him  to  have  done  fo,  what 
certainty  has  he  that  the  fame  thing  would  happen 
at  all  times?  He  knows  nothing  as  to  this,  except 
what  concerns  the  particular  moments  when  he  made 
the  experiments;  and  what  affurance  has  he  that  the 
fanie  eflfect  would  take  place  in  the  hands  of  another 
man?  Might  he  not  think,  that  this  quality  of 
making  flones  fall  was  attached  to  his  hands  exclu* 
fively?  A  thoufand  other  doubts  might  ftill  be 
formed  on  the  fubjecl. 

I  have  never,  for  example,  made  trial  of  the  flones 
which  compofe  the  cathedral  church  of  Magdeburg, 
and  yet  I  have  not  the  leaft  doubt,  that  all  of  them 
without  exception  are  heavy,  and  that  each  of  them 
would  fall  as  foon  as  detached  from  the  building. 

Vol.  II.  C  I  even 


I  fiven  i#fag$ne  that  exp^ence  has  fuj^lied  ttet  With 
^Is  knewMge^  thou^  I  ha'^^  never  tried  any  one 
bf  thofe  fton<». 

This  exafitijple  is  ftifficiettt  to  (hew^  how  experi^ 
merits  made  on  individual  objefts  only,  have  led 
ftianlGfid  tb  the  knowledge  6f  univerfal  prepofitions  j 
lyett  it  muft  be  admitted,  tWt  the  underftanding  and 
the  other  fiiculties  of  the  foul  interfere  ki  a  manner 
Which  It  *%dfei  be  extlrMPiely  difficmlt  clearly  to  un- 
fold; «ftd  if  we  were  det€^*»fied  to  be  over  fcmpu- 
ious  ^xmt  every  drcumftk^e^  no  progreis  in  fcience 
could  be  toade,  for  we  &btdd  be  ftopped  ftiort  at 
every  ftep. 

It  mu'ft  be  sflkrwed,  that  the  vu%ar  difcover^  in 
this  refped,  much  more  good  fenfe  than  thofe  fcru- 
jpuious  philofophers,  \s4k)  are  obftihatdy  determined 
to  doubt  of  every  thing.  It  is  neceffary,  ait  the  iame 
time,  to  be  on  our  guard  againft  falling  into  the  op- 
J>ofite  extreAie,  by  ne^e^ing  to  employ  the  neceffary 
precautions. 

The  three  fources  from  which  tmr  knowledge  is 
derive,  require  all  of  thetn  certain  precautions, 
'Which  muft  be  carefally  obferved,  in  order  to  ac- 
ijaire  afiurance  of  the  truth ;  but  it  is  poffiWe,  in 
tach,  to  cai*ry  matters  too  far,  and  it  is  always  jpYO- 
per  to  fteer  a  middle  courfe. 

The  third  fource  clearly  proves  this.  It  would 
undoubtedly  be  extreme  folly  to  believe  every  thing 
that  is  told  us ;  but  exceffive  diftruft  would  be  no 
kfc  blame-worthy.  He  who  is  determined  to  doubt 
of  every  thing,  will  never  want  a  pretence ;  when  a 

man 
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man  fitys,  or  writes,  that  he  has  feen  fuch  or  fuch 
an  a^on,  we  may  fay  at  once,  that  is  not  true,  and 
that  the  man  takes  amufcment  in  relating  things 
which  may  excite  furprize;  and  if  his  veracity  is 
beyond  fufpicion,  it  might  be  faid,  that  he  did  not 
fee  clearly,  that  his  eyes  were  dazzled;  and  examples 
are  to  be  found  in  abundance  of  perfons  deceiving 
themfdves,  falfely  imagining  they  faw  what  they  did 
not.  The  rules  prefcribed,  in  this  refpeft,  lofe  all 
their  weight  when  you  have  to  do  with  a  wrangler. 

Ufually,  in  order  to  be  afcertained  of  the  truth  of  a 
recital  or  hiftory ,  it  is  required,  that  the  author  fhouM 
have  been  himfelf  a  witnefs.  of  what  he  relates,  and 
that  he  fhould  have  no  intereft  in  relating  it  diffe- 
rently from  the  truth.  If  afterwards  two  or  more 
perfons  relate  the  fame  thing,  with  the  fariie  drcum- 
ftances,  it  is  juftly  confidered  as  a  ftroiig  confirma- 
tion. Sometimes,  howevfr,  a  coincidence  carried 
to  extreme  minutehefs  becomes  fufpidous.  For  two 
perfons  obferving  the  fame  incident,  fee  it  in  diffe- 
rent points  of  view,  and  the  one  will  always  difccrn 
certain  little  circumflances  which  the  other  muft  have 
overlooked.  A  flight  difference  in  two  feveral  ac- 
•counts  of  the  fame  event,  rather  eflablifhes  than  in- 
validates the  truth  of  it. 

But  it  is  always  extremely  difficult  to  reafon  on 
the  firfl  principles  of  our  knowledge,  and  to  attempt 
an  explanation  of  the  mechanifm  and  of  the  moving 
powers  which  the  foul  employs.  It  would  be  glo- 
rious to  fucceed  in  fuch  an  attempt,  as  it  would  elu- 
cidate a  great  variety  of  irii^rtant  points  ref]^>e^ng 
the  nature  of  the  foulr  aiid  its  operations.    But  we 

C  2  /     feem 
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feem  deftined  rather  to  make  ufe  of  our  faOiltieSy 
than  to  trace  their  nature  through  all  its  depths* 

iStJlf  Jpriif  1 76 1. 
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LETTER  VI. 

Whether  the  EJJhice  of  Bodies  be  known  by  us* 

A  iFTER  fo  rftany  reflections  on  the  nature  and 
-^^^  faculties  of  the  foul,  you  will  not,  perhaps,  bq 
difpleafed  to  return  to  the  confideration  of  body,  the 
principal  properties  of  which  I  have  already  endea- 
voured to  explain. 

I  have  remarked  that  the  nature  of  body  liecet 
larily  contains  three  things,  e^ten/iony  impenetrability ^ 
and  inertia ;  fo  that  a  being,  in  which  thefe  three 
properties  do  not  meet  at  once,  cannot  be  admitted 
into  the  clafs  of  bodies ;  and  reciprocally,  when  they 
are  united  in  any  one  being,  no  one  will  hefitate  to 
acknowledge  it  for  a  body. 

In  thefe  three  things,  then,  we  are  warranted  to 
conftitute  the  eflence  of  body,  though  there  are  many 
philofophers  who  pretend  that  the  effence  of  bodies 
is  wholly  unknown  to  us.  This  is  not  only  the 
opinion  of  the  Pyrrhonifts,  who  doubt  of  every 
thing ;  but  there  are  other  feds  likewife,  who  main- 
tain, that  the  eflence  of  all  things  is  abfolutely  un* 
known :  and  no  doubt,  in  certain  refpefts  they  have 
truth  on  their  fide :  this  is  but  too  certain  as  to  all 
the  individual  beings  which  exift. 

You  will  eafily  comprehend,  that  it  would  be  the 

height  of  abfurdity  were  I  to  pretend  fo  much  as  tQ 

kaow 
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know  the  eflence  of  the  pen  which  I  employ  in  writ- 
ing this  letter.     If  I  knew  the  eflence  of  this  pen,  (I 
fpeak  not  of  pens  in  general,  but  of  that  one  only 
now  between  my  fingers,  which  is  an  individual  beings 
as  it  is  called  in  metaphyfics,  and  which  is  difdn- 
guifhed  from  all  the  other  pens  in  the  world  ;)  if  I 
knew,  then,  the  eflence  of  this  individual. pen,  I 
ihould  be  in  a  condition  to  diftinguifli  it  from  every 
other,  and  it  would  be  impofliblc  to  change  it  with- 
out my  perceiving  the  change ;  I  muft  know  its  na- 
ture thorouo-hlv,  the  number  imd  the  arran<j:ement  of 
all  the  p'.irts  whereof  it  is  compofed.     But  how  far 
am  I  from  Jiavinrx  fuch  a  knowlcdo-e !  Were  I  to  rife 
but  for  a  moment,  one  of  my  children  might  eafily 
change  it,  leaving  another  in  its  room,  without  my 
perceiving  the  difference  ;  and  were  I  even  to  put  a 
mark  upon  it,  how  cafily  might  that  mark  be  coun- 
terfeited on  another  pen  ?     And  fuppofing  this  im- 
pofliblc for  my  children,  it  muft  always  be  admitted 
as  poflible  for  God  to  make  another  pen  fo  fimilar  to 
this,  that  I  fliould  be  unable  to  difcern  anv  difference. 
It  would  be,  however,  another  pen,  really  diftin* 
guifliable  from  mine,  and  God  would  undoubtedly 
know  the  difference  of  them  ;  in  other  words,  God 
perfectly  know^  the  eflence  of  both  the  one  and  the 
other  of  tliefe  two  pens :  but  as  to  me,  who  difcern 
no  difference,  it  is  certain  that  the  eflence  is  altogether 
•  beyond  my  knowledge. 

The  fame  obfervation  is  applicable  to  all  other  in- 
dividual things ;  and  it  may  be  confidently  main- 
tained, that  God  alone  can  know  the  eflfence  or  na- 
ture of  each.     It  were  impoflGlble  to  fix  on  any  one 

C  3  thing 
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thing  really  exifting,  of  which  we  could  have  a  know-^. 
ledge  fo  perfeft,  as  to  put  us  beyond  the  reach  of 
miftake :  this  is,  if  I  niay  ufe  the  expreffion,  the  im-^ 
prefs  of  the  Creator  on  all  created  things,  the  nature 
of  which  will  ever  remain  a  uiyftery  to  us. 

It  is  undoubtedly  certain,  then,  that  we  do  no^ 
know  the  effence  of  individual  things,  or  all  the  char 
rafters  whereby  each  is  diftinguiftxed  from  every 
other ;  but  the  cafe  is  diflferent  with  refpect  to  genera 
2.nd /pedes :  thcfe  are  gener^  notions  which  include 
at  once  an  infinite  number  of  individual  things. 
They  are  not  beings  aftually  exifting,  but  notions 
which  we  outfelves  form  in  our  minds,  when  we 
arrange  a  great  many  individual  things  in  the  fame 
clafs,  which  we  denominate  a  fpecies  or  genus,  ac* 
cording  as  the  number  of  individual  thii;igs  which  it 
comprehends  is  greater  or  lefs. 

And  to  return  to  the  example  of  the  pen,  as  there, 
are  an  infinite  number  of  things  to  each  of  which  I 
give  the  fame  name,  though  they  all  diflfer  one.  from 
another ;  the  notion  o£pen  is  a  general  idea  of  whichj 
we  ourfelves  are  the  creators,  and  which  exifts  only 
in  our  own  minds..  This  nption  contains  but  the. 
<pommon  charafters.  v^l^ich  conftitute  the  effence  of 
the  general  npt^oa  of  ^  pen ;  and  this  effence  muft 
be  well  known  to  ua,  a3  we  are  in  a  condition  to 
diflinguifli  all.  the  things,  wlpch  we  call  pens  from 
thofe  which  we  do  not  comprehend  under  that  ap- 
pellation. 
*  As  foon  as  we  remark  in  aay  thing  certain  cha?. 

rafters,  or  certaiji  qualities,  wq  fay  it  i§  a  pen  ;  and, 
we  are  in  a  conidition,  to  dij^ji^guiiK  it  from  all  other: 

things 
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things  which  are  not  pens,  though  we  are  very  far 
from  being  able  to  diftinguifli  it  from  other  pens. 

The  more  general  a  notion  is,  the  fewer  it  con- 
t^ns  of  the  charafters  which  conftitute  its  efience, 
and  it  is  accordingly  eafier  alfo  to  difcover  this 
eflence.  We  comprehend  more  eafily  what  is  meaut 
by  a  tree,  in  general,  than  by  the  term  cherry-tree, 
pear-tree,  or  apple-tree ;  that  is,  when  we  defcend  to 
the  fpedes.  When  I  fay,  fuch  an  object  which  I  fee 
in  thp  garden  is  a  tree,  I  run  little  riik  of  being  mif- 
taken  ;  but  it  is  extremely  poffible  I  might  be  wrong, 
if  I  aflirmed  it  was  a  cherry-tree.  It  follows  then, 
that  I  know  much  better  the  effence  of  tree,  in  ge* 
neral,  than  of  the  fpecies  :  I  fhould  not  fo  eafily  conr 
found  a  tree  with  a  ftone,  a^  a  cherry-tree  with  i 
plum-tree. 

Now  a  notion,  in  general,  extends  infinitely  far- 
ther ;  its  eflfence  accordingly  comprehends  only  th« 
^  characters  which  are  common  to  all  beings  bearing 
the  name  of  bodies.  It  is  reduced,  therefore,  to  a  very 
few  particulars,  as  w^  muft  exclude  from  it  all  the 
charaAers  which  diftinguifli  one  bpdy  from  another. 

It  is  ridiculgus  then  to  pretend,  with  certain  phi- 
iofophers,  that  the  efience  of  bQ4ies,  in  general,  is 
imknown  to  us.  If  it  were  fq,  we  fhould  never  be 
in  a  condition  to  aifirxn  with  afiurance,  that  fuch  a 
ibing  is  a  bpdy,  or  it  is  not :  and  ^  it  is  inipoffible 
wc  fliould  be  miftaken  in  this  refpect,  it  neceffarily 
follows,  that  we  know  fufficiently  the  natijre  or  ef- 
fence of  body  in  general.  NQ>y  this  knowledge  is 
reduced  to  three  articles,  extenfipn,  impenetrability, 
wd  inertia. 

%i/ijj>rii,  1761.  LETTER 
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LETTER  VH. 

The  true  Notion  of  Exterifion. 

T  HAVE  already  demonftratcd,  that  the  general 
-*•  notion  of  body  neceffarily  comprehends  thefe 
three  qualities,  extenfion,  impenetrability,  and  inertia, 
without  which  no  being  can  be  ranked  in  the  clafs  of 
bodies.  Even  the  moft  fcrupulous  muft  allow  the 
neceffity  of  thefe  three  quklities,  in  order  to  confti- 
tute  a  body ;  but  the  doubt  with  fome  is.  Are  thefe 
three  characters  fuiEcient  ?  Perhaps,  fay  they,  there 
may  be  feveral  other  charafters,  which  are  equally 
neceffary  to  the  eflence  of  body. 

But  I  alk  :  were  God  to  create  a  being  divefted  of 
thefe  other  unknown  characters,  and  that  it  poffeffed 
only  the  three  above  mentioned.  Would  they  hefi- 
tate  to  give  the  name  of  body  to  fuch  a  being  J  N  a, 
affuredly ;  for  if  they  had  the  leaft  doubt  on  the 
fubjeft,  they  could  not  fay  with  certainty,  that  the 
itones  in  the  ftreet  are  bodies,  becaufe  they  are  not 
STure  whether  the  pretended  unknown  char  afters  arc 
to  be  found  in  them  or  no. 

Some  imagine,  that  gravity  is  an  effcnttal  property 
of  all  bodies,  as  all  thofe  which  we  know  are  heavy; 
but  were  God  to  diveft  them  of  gravity,  would  they 
therefore  ceafe  to  be  bodies  ?  Let  them  confider  the 
heavenly  bodies,  which  do  not  fall  downward ;  as 
muft  be  the  cafe,  if.  they  were  heavy  as  the  bodies 
which  we  tQuch,  yet  they  give  them  the  lame  name. 

And 
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And  even  on  the  fuppofition  that  all  bodies  were 
heavy,  it  would  not  follow  that  gravity  is  a  property 
eflential  to  them,  for  a  body  would  ftill  remain  a 
body,  though  its  gravity  were  to  be  deftroyed  by  a 
miracle. 

■  But  this  reafoning  does  not  apply  to  the  three  ef- 
fential  properties  above  mentioned.  Were  God  to 
annihilate  the  extenfion  of  a  body,  it  would  certainly 
be  no  longer  a  body ;  and  a  body  divefted  of  impe- 
netrability would  no  longer  be  body  ;  it  would  be  a 
fpeAre,  a  phantom  :  the  iame  holds  as  to  inertia. 
•  You  know  that  extenfion  is  the  proper  object  of 
geometry,  which  confiders  bodies  only  in  fo  far  as 
they  are  extended,  abftraftedly  from  impenetrability 
and  inertia ;  the  objeft  of  geometry,  therefore,  is  a 
notion  much  more  general  than  that  of  body,  as  it 
comprehends  not  only  bodies,  but  all  beings  fimply 
extended  without  impenetrability,  if  any  fuch  there 
be.  Hence  it  follows,  that  all  the  properties  deduced 
in  geometry  from  the  notion  of  extenfion  muft  like- 
wife  take  place  in  bodies,  in  as  much  as  they  are  ex- 
tended ;  for  whatever  is  applicable  to  a  more  general 
•notion,  to  that  of  a  tree,  for  example,  muft  likewife 
be  applicable  to  the  notion  of  an  oak,  an  afli,  an  elm, 
&c.  and  this  principle  is  even  the  foundation  of  all 
•the  reafpnings  in  virtue  of  which  we  always  affirm 
and  deny  of  the  fpecies,  and  of  individuals,  every 
thing  that  we  affirm  and  deny  of  the  genus. 

There  are  however  philofophers,particularlyamong 
our  contemporaries,  who  boldly  deny,' that  the  pro- 
perties applicable  to  extenfion,  in  general,  that  ,is, 

•        .  according 
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according  as  we  confider  them  in  geometry,  take 
place  in  bodies  ^really  exifting.  They  allege  th^t  geo« 
metrical  exteniion  is  an  abftrad  being,  from  the  pro^ 
perties  of  which  it  is  impoflibk  to  draw  any  conclut 
fion,  with  rcfped  to  real  objefts :  thus,  when  I  have 
demonftrated  that  the  three  angles  of  a  triangle  arc- 
together  equal  to  two  right  angles,  this  is  a  property 
belonging  only  to  ^n  ahfirad  triangle,  and  not  at  all 
to  one  really  cxifting. 

But  thefe  philofophers  arc  not  aware  of  the  per? 
ple:^ng  confequences  which  naturally  refult  from 
the  difference  which  they  eftahliflx  between  objefts 
formed  by  a-bflradion,  and  real  objeds ;  and  if  it 
were  not  permitted  to  conclude  from  the  firft  to  the 
laft,  no  conduiion,  and  no  reafoning  whatever  could 
fubfift,  as  we  always  conclude  from  general  notions 
to  particxilar. 

Now  all  general  notions  areas  much  abftrad  beings 
as  geometrical  extension ;  and  a  tree,  in  general,  or 
the  general  notion  of  trees,  is  formed  only  by  ab-» 
firadion,  and  no  more  exifts  out  of  our  mind  than 
geometrical  exteftfion  does.  The  notion  of  man  in 
general  is  of  the  fam^  kind,  and  man  in  gener^  no 
where  exifts :  all  men  who  exift  are  individual  beipgs, 
and  cori-efpond  to  individual  notions.  The  geiier;aJ 
idea  which  comprehends  all,  is  formed  only  by  ^b- 
ftraAion. 

'  The  fault  which*  thefe  philofophers  arc  ever  find- 
ing with  geometricians,  for  employing  themfelves 
about  abftractions  merely,  is  therefore  groundlefs,  as 
ajyt  other  fdences  principally  turn  on  general  notion^, 

2       ,  which 
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which  are  no  more  real  than  the  objefts  of  geometry. 
The  patient,  in  general,  whom  the  phyiician  has  in 
view,  and  the  idea  of  whom  contains  all  patients 
really  exifting,  is  only  an  abftradt  idea ;  nay  the  very 
merit  of  each  fcience  is  fo  much  the  greater,  as  it  ex- 
tenda  to  notions  more  genial,  that  is  to  £iy,  more 
^bfiraA, 

I  fliaU  endeavour,  by  next  poft,  to  point  out  the 
tendency  of  the  cenfures  pronounced  by  thefe  {^ 
loibphers  upon  geometricians  ;  and  the  reafons  why 
they  are  unwilling  that  we  fhould  afcribe  to  real, 
extended  beings,  that  is,  to  exifting  bodies,  the  pro-, 
perties  applicable  to  extenfion  in  general,  or  to  ab-* 
ftr^fted  extenfion.  They  are  afraid  left  their  meta<^ 
phyftcal  principles  ftiould  fufier  in  the  caufe. 

%<^tb  Aprils  1761. 
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LETTER  Vm. 
BhifibiHty  of  Extenfion  in  infinitum. 

THE  controverfy  between  modern  philofophers 
and  geometricians  to  which  I  have  alluded, 
turns  on  the  divifibility  of  body.  This  property  is 
undoubtedly  founded  on  extenfion,  and  it  is  only  in 
fo  far  as  bodies  are  extended  that  they  are  divifible, 
and  capable  of  being  reduced  to  parts. 

You  will  recoljeft  that  in  geometry  it  is  always 
poflible  to  divide  a  line,  however  fmall,  into  two 
equal  parts.     We  are  likewife,  by  that  fcience,  in- 

ftrucled 
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ftrufted  in  the  method  of  dividing  a  fmall  line,  a8 
a  /,  into  any  number  of  equal  parts  at  pleafure,  and 
the  conftruftion  ofthisdivifion  is  there  demonftrated 
beyond  the  poffibility  of  doubting  its  accuracy, 
^  You  have  only  to  draw  {plate  II.  fig.  23.)  a  line 
A  I  parallel  to  a  i  of  any  length,  and  at  any  diftancc 
you  pleafe,  and  to  divide  it  into  ^s  many  equal  parts 
AB,  BC,  CD,  DE,  &c.  as  the  fmall  line  given  is  t6 
have  divifions,  fay  eight.  Draw  afterwards,  through 
the  extremities  A,  ^ ,  and  I,  /,  the  ftraight  lines  A  a 
O,  I  i  O,  till  they  meet  in  the  point  O :  and  from  O 
draw  toward  the  points  of  divifion  B,  C,  D,  E,  &c. 
the  ftraight  lines  OB,  OC,  OD,  OE,  &c.  which  fliall 
likewife  cut  the  fmall  line  ^/  into  eight  equal  parts. 

This  operation  may  be  performed,  however  fmall 
the  given  line  at^  and  however  great  the  number  of 
parts  into  which  you  propofe  to  divide  it.  True  it 
is,  that  in  execution  we  are  not  permitted  to  go  too 
far;  the  lines  which  we  dfaw  always  have  fome 
breadth,  whereby  they  are  at  length  confounded,  as 
may  be  feen  in  the  figure  near  the  point  O ;  but  the 
queftion  is  not  what  may  be  poffible  for  us  to  execute^ 
but  what  is  poffible  in  itfelf.  Now  in  geometry  lines 
have  no  breadth,  and  confequcntly  can  never  be  con- 
founded. Hence  it  follows  that  fuch  divifion  is  il- 
limitable. 

If  it  is  once  admitted  that  a  line  may  be  divided 
into  a  thoufand  parts,  by  dividing  each  part  into  two 
it  will  be  divifible  into  two  thoufand  parts,  and  for 
the  fame  reafon  into  four  thoufand,  and  into  eight 
thoufand,  without  ever  arriving  at  parts  indivifible. 

However 


EXTENSION    IN    INFINITUM.  I9 

However  fmall  a  line  may  be  fuppofcd,  it  Is  ftill  di- 
vifible  into  halves,  and  each  half  again  into  two,  and 
each  of  thefe  again  in  like  manner,  and  fo  on  to  in-* 
finity. 

What  I  have  faid  of  a  line  is  eafily  applicable  to  a 
furface,  and,  with  greater  ftrength  of  reafoning,  to  a 
folid  endowed  with  three  dimenfions,  length,  breadth^ 
and  thicknefs.  Hence  it  is  affirmed  that  all  exten* 
fion  is  divifible  to  infinity,  and  this  property  is  deno- 
minated divijibiliiy  in  infinitum. 

Whoever  is  difpofed  to  deny  this  property  of  ex- 
tenfion,  is  under  the  neceffity  of  maintaining,  that  it 
is  poffible  to  arrive  at  laft  at  parts  fo  minute  as  to  be 
unfufceptible  of  any  farther  divifion,  becaufe  they 
ceafed  to  have  any  extenfion.  Neverthelefs  all  thefe 
particles  taken  together  muft  reproduce  the  whole^ 
by  the  divifion  of  which  you  acquired  them  ;  and  as 
the  quantity  of  each  would  be  a  nothing  or  cypher  o, 
a  combination  of  cyphers  would  produce  quantity, 
which  is  manifeftly  abfurd.  For  you  know  perfectly 
well,  that  in  arithmetic,  two  or  more  cyphers  joined 
never  produce  any  thing. 

This  opinion  that  in  the  divifion  of  extenfion,  or 
of  any  quantity  whatever,  we  may  come  at  laft  to 
particles  fo  minute  as  to  be  no  longer  divifible,  be- 
caufe they  are  fo  fmall,  or  becaufe  quantity  no  longer 
exifts,  is,  therefore,  a  pofi):ion  abfolutely  untenable. 

In  order  to  render  the  abfurdity  of  it  more  fen- 
fible,  let  us  fuppofe  a  line  of  an  inch  long,  divided  into 
a  thoufand  parts,  and  that  thefe  parts  are  fo  fmall  as 

to 
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to  admit  of  no  farther  divifion;  each  part,  then, 
would  no  longer  have  any  length,  for  if  it  had  any^ 
it  would  Ix;  ftill  divifible.     Each  particle,  then,  would 
of  confeqmence  be  a  nothing.     But  if  thefe  thoufand 
particles  together  conftituted  the  leiigth  of  an  inch, 
the  thoufandih  part  of  an  inch  would,  of  confequence, 
be  a  nothing  ;  which  is  equally  abfurd  with  main- 
taining, that  the  half  of  any  quantity  whatever  is 
nothing.     Aiid  if  it  be  abfurd  to  affirm,  that  the  half 
of  any  quantity  is  nothing,  it  is  equally  fo  to  affirm, 
that  the  half  of  a  half,  or  that  the  fourth  part  of  the 
fame  quantity,  is  nothing ;  and  what  muft  be  granted 
as  to  the  fourth,  muft  likewife  be  granted  with  re- 
fpeft  to  the  thoufandth,  and  the  millionth  part.,    Fi- 
nally, however  far  you  may  have  already  carried,  in 
invagination,  the  divifion  of  an  inch,  it  ii^  alt<rays 
poffible  to  carry  it  ftiB  farther ;  and  never  will  you 
be  able  to  carry  on  your  fubdivifion  fo  far j  as  that 
the  laft  parts  fhall  be  abfolutely  indivifible.     Thefe 
parts  will  undoubtedly  always  become  fmaller,  and 
their  magnitude  will  ^proach  nearer  and  nearer  to  o^ 
but  can  never  reach  it. 

The  geometrician^therefore,  is  warranted  in  affirm- 
ing, that  every  magnitude  is  divifible  ^o  infinity ; 
and  that  you  cannot  proceed  fo  fkr  in  your  divifion, 
as  that  all  farther  divifion  Ihatt  be  impoflible.  But 
it  is  always  necefFary  to  diflinguifh  between  what  is 
poffible  in  itfelf,  and  what  we  are  in  a^  condition  to 
perform.  Our  execution  is  indeed  extremely  limited. 
After  having,  for  example^^  divided  a^  iinch  into  a 

thoufand 
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thou&nd  parts^  tbefe  parts  are  fo  fhiall  as  to  efcapc 
0ur  fenfeS)  and  a  farthef  divUiOn  would  to  us,  no 
doubts  be  impofiiUe. 

But  you  have  only  to  look  at  this  thouiandth  part 
of  an  inch  through  a  good  micro£;x>pe,  which  mag- 
nifiesy  for  example,  a  thoufand  times,  and  each  par- 
ticle will  appear  as  large  as  an  inch  to  the  naked  eye; 
and  yxni  will  be  convinced  of  the  poffibility  of  di- 
viding each  of  thefe  particles  again  into  a  thou£uid 
parts :  the  fame  reafoning  may  always  be  carried  for* 
^irjurd,  without  limit  and  without  end. 

It  i&  therefore  an  indubitable  truth,  that  ail  mag- 
nitude is  divifibk  in  ^afinitum,  and  that  this  takes 
place  not  only  with  refped  to  extenfion,  which  is 
the  objeft  of  geometry,  but  likewife  with  rdptSt  to 
every  other  i^pecies  of  quantity^  fuch  as  tune  and 
tmmber. 


LETTER    IX. 

Whether  this  Divt/tbility  in  infinitum  takes  place  in, 

exijiing  Bodies? 

IT  is,  then,  a  coMj^tdy  eftaMiftted  trutH,  that  ea- 
tenifion  is  divifibk  to  infinity,  and  that  it  is  im- 
poflible  to  coiiceite  parts  fe  finall  as  to  be  unfofcep- 
tible  of  further  div^l^.  {^lik^^^hers  accordingly 
do  not  impugn  this  truth  it£stf,  fefut  deny  that  it 
takes  place  in  <^fiiiig  bodies.  Ttey  allege,  that  ex-v 
tenfim,  the  ^vi£i)ttity  of  whkh  Do  koj&Mty  iias  been 

demon* 
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demonftrated,  is  merely  a  chimerical  objeft,  formed 
by  abftraction ;  and  that  fimple  extenfion,  as  conli^ 
dered  in  geometry,  can  have  no  real  exiftence. 

Here  they  are  in  the  right;  and  extenfion  is  un- 
doubtedly a  general  idea,  formed  in  the  fame  man- 
ner as  that  of  man,  or  of  tree  in  general,  by  abftrac-* 
tion ;  and  as  man  or  tree  in  general  exifts  not,  no 
more  does  extenfion  in  general  exift-  You  are  per- 
fectly fenfiblc,  that  individual  beings  alone  exift,  and 
that  general  notions  are  to  be  found  only  in  the 
mind;  but  it  cannot  therefore  be  maintained  that 
thefe  general  notions  are  chimerical;  they  contain, 
on  the  contrary,  the  foundation  of  all  our  know- 
ledge. 

Whatever  applies  to  a  general  notion,  and  all  the 
properties  attached  to  it,  of  neceflity  take  place  in 
all  the  individuals  comprehended  under  that  general 
notion.  When  it  is  affirmed  thaj  the  general  notion 
of  man  contains  an  underftanding  and  a  will,  it  is 
undoubtedly  meant,  that  every  individual  man  is 
endowed  with  thofe  faculties.  And  how  many  pro- 
perties do  thefe  very  philofoph^rs  boaft  of  having 
demonftrated  as  belonging  to  fubftance  in  general, 
which  is  furely  an  idea  as  abftraft  as  that  of  exten- 
fion; and  yet  they  maintain,  that  all  thefe  properties 
apply  to  all  individual  fubftances,  which  are  all  ex- 
tended. If,  in  effect,  fuch  a  fubftance  had  not  thefe 
properties,  it  would  be  falfe  that  they  belonged  to 
fubftance  in  general. 

If  then  bodies,  which  infallibly  are  extended  be- 
ings, or  endowed  with  extenfion,  were  not  divifible 

.    .  to 
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to  infinity^  it  would  be  likettrife  falfe»  that  divifibi'- 
]|ty  in  infinitum  is  a  property  of  extenfioii.  Now 
thofe  philofophers  readily  admit  that  this  property 
bdongs  to  extenfion,  but  they  infift  that  it  cannot 
take  pbce  in  extended  beings.  This  is  the  fame 
thing  with  affirming,  that  the  underfianding  and  will 
are  indeed  attributes  of  the  notion  of  man  in  gene* 
ral ;  but  that  they  can  have  no  place  in  individual 
snen  adhially  exifting. 

Hence  you  will  readily  draw  this  condufion :  if 
divifibility  in  infinitum  is  a  property  of  extenfion  in 
general,  it  muft  of  neceffity  likewife  belong  to  all 
individual  extended  beings ;  or  if  real  extended  be- 
ings are  not  divifible  to  infinity,  it  is  falfe  that  divi« 
fibility  in  infinitum  can  be  a  property  of  extenfion 
in  general. 

It  is  impoflible  to  deny  the  one  or  the  other  of 
thefe  confequences  without  fubverting  the  moft  fo- 
lid  principles  of  all  knowledge ;  and  the  philofophers 
who  refufe  to  admit  divifibility  in  infinitum  in  real 
extended  beings,  ough^  as  little  to  admit  it  with 
refpeft  to  extenfion  in  general ;  but  as  they  grant 
this  laft,  they  fall  into  a  glaring  contradiction. 

You  need  not  to  be  furprized  at  this ;  it  is  a  failing 
from  which  the  greatefl  men  are  not  exempt.  But 
what  is  rather  furprizing,  thefe  philofophers,  in  order 
to  get  rid  of  their  embarraffment,  have  thought  pro- 
per to  deny  that  body  is  extended.  They  fay,  that 
it  is  only  an  appearance'  of  extenfion  which  is  per-^ 
ceived  in  bodies,  but  that  real  extenfion  by  no  means 
belongs  to  them. 

Yql,.  11  D  You 
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•'  You  fee  clearly  that  this  is  merely  a  wretched  cavil, 
by  which  the  principal,  and  the  moft  evident  ^pro- 
perty of  body  is. denied.  It  is  an  extravagance  fimi- 
lar  to  that  formerly  imputed  to  the  Epicurean  phi- 
lofc^hers,  who  maintained  that  every  thing  which 
cxifts  in  the  univerfe  is  material,  withojut  even  ex- 
cepting  the  gods  whofe  exiftence  they  admitted.  But 
la  they  £lw  that  thefe  corporeal  gods  Woi&ld  be  fub- 
jefted  to  the  greateft  difficulties,  they  invented  a 
fubterfuge  fimilar  to  that  of  our  modern  philofo- 
phers,  alleging.  That  the  gods  had  not  bodies,  but 
as  it  -zr^/T^, bodies,  (quaji  corpora^)  and  that  they  had 
not  £^nfes,  but  fenies  as  it  were;  and  fo  of  all  the 
members.  The  other  philofophical  fe6b  of  antiquity 
made  themfelves  abundantly  merry  with  thefe  quaji^ 
corpora  and  quafufenfus ;  and  they  would  have  equal 
reafbn,  in  modern  times,  to  laugh  at  the  quafi^exten- 
fim  which  our  philofophers  afcribe  to  body;  this 
term  quaft'extenfion  feems  perfectly  well  to  exprefs  that 
appearance  of  extenfion,  without  being  fo  in  reality. 

Geometricians,  if  they  mesmt  to  confound  them, 
have  only  to  fiiy,  that  the  objefts  whofe  divifibility 
in  infinitum  they  have  demonftrated,  were  likewifc 
only  as  it  were  extended,  and  tliat  accordingly  all 
bodies  extended  af  it  were^  were  neceflarily  divifible 
in  infinitum.  But  nothing  is  to  be  gained  with  them ; 
they  are  refolute  to  maintain  the  greateft  abfurdities 
rather  than  acknowledge  a  miftake.  You  muft  have 
remarked^  that  ^s  is  the  charadier  of  almoft  alt 
fidboburs* 

,  ^.Mty,  1761. 
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t 

Of  Monads. 

TTTTHEN  we  talk,  in  company,  on  philo(bp)iical 
^  ^     fubjeds,  the  converfation  ufually  turns  on 
fuch  articles  as  have  excited  violent  difputes  among 
philofophers. 

The  diviiibility  of  body  is  one  of  them,  refpefling 
which  the  fentiments  of  the  learned  are  gresitly  di« 
vided  Some  maintain,  that  thb  divifibility  goes  on 
to  infinity,  without  the  poffibility  of  ever  arriving  at 
particles  fo  finall  as  to  be  fufceptible  of  no  farther 
divifion.  But  others  infift,  that  this  divifion  ex« 
tends  only  to  a  certain  point,  and  that  you  may  come 
at  length  to  particles  fo  minute,  that,  having  no 
magnitude,  they  are  no  longer  divifible.  Thefe  ul- 
timate particles,  which  enter  into  the  compofition  of 
bodies,  they  denominated;?/^/?  beings^  and  monads. 

There  was  a  time  when  the  difpute  refpefting  mo- 
nads employed  fuch  general  attention,  and  was  con- 
duced with  fo  much'  warmth,  that  it  forced  its  way 
into  company  of  every  defcription,  that  of  the  guard- 
room not  excepted*.  There  was  fcarce  a  lady  at  court 
who  did  not  take  a  decided  part  in  favour  of  mo- 
nads or  againft  them.  In  a  word,  all  converfatioj(i 
was  engrofled  by  monads,  no  other  fubjed  could 
find  admiflion. 

The  Royal  Academy  of  Berlin  took  up  the  con- 
troverfy,  and  being  accuftomed  amutaUy.  to  propoie 

D  2  a  queftion 
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a  queftion  for  difcuffion,  and  to  beftow  a  gOld  medal 
of  the  value  of  fifty  ducats  on  the  perfon  who  in  the 
judgment  of  the  Academy  has  given  the  moft  inge- 
nious folution,  the  queftion  refpefting  monads  was 
felecled  for  the  year  1 748.  A  great  variety  of  eflays 
on  the  fubjeft  were  accordingly  produced.  The 
prefident,  Mr.  de  Maupcrtuis,  named  a  committee 
'.to  examine  them,  under  the  direction  of  the  late 
Count  Dohna, great  chamberlain  to  the  queen;  who, 
'.being  an  impartial,  judge,  examined,  with  all  imagi« 
nable  attention,  the  arguments  adduced  both  for  and 
againft  the  exiftence  of  monads. ,  Upon  the  whole,, 
•it  was  found  that,  thofe  which  went  to  the  eftablifh- 
ment  of  their  exiftence  were  fo  feeble,  and  fo.  chi- 
merical, that  they  tended  to  the  fubverfion  of  all  the 
principles  of  human  knowledge.  The  queftion  was, 
therefore,  determined  in  favour  of  the  oppofite  opi- 
nion, and  the  prize  adjudged  to  Mr.  Jufti,  whofe 
piece  was  deemed  the  moft  complete  refutation  of 
the  monadifts. 

You  may  eafily  imagine  how  violently  this  deci- 

'-  fion  of  the  AcadeA ly  muft  irritate  the  partifans  of 

*  monads,  at  the  head  of  whom  ftpod  the  celebrated 

Mr.  Wolff.    His  followers,  who  were  thca  much 

more  numerous,  and  more  fottAidable  than  at  pre- 

fent,  exclaimed  in  high  terms  agwift  the  partiality 

and  injuftice  of  the  Academy;  and  their  chief  h^d 

-  well  nigh  proceeded  to  hunch  the  thunder  of  a  phi-. 

lofophical  anathema  againft  it.     I  do  not  now  recol- 

left  to  whom  we  are  indebted  for  the  care  of  avert- 

'  ing  this  di&fter# 
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As  this  controverfy  has  made  a  great  deal  of  noifc, 
you  will  not  be  difpleafisd,  undoubtedly,  if  I  dwell  a 
little  upon  it.  The  whole  is  reduced  to  this  fimple 
queftion,  Is  body  divifible  to  infinity  ?  or,  in  other 
words.  Has  the  divifibility  of  bodies  any  bound,  or 
has  it  not  ?  I  have  already  remarked  as  to  this,  that 
extenfion,  geometrically  confidered,  is  on  all  hands 
allowed  to  be  divifible  in  infinitum;  becaufe,  how- 
"ever  finall  a  magnitude  may  be,  it  is  poffible  to  con- 
ceive  the  half  of  it,  and  again  the  half  of  that  half^ 
and  fo  on  to  infinity. 

This  notion  of  extenfion  is  very  abftraft,  as  are 
thofe  of  all  genera^  fuch  as  that  of  man,  of  horfe,  of 
tree,  &c.  as  far  as  they  are  not  applied  to  an  indivi* 
dual  and  determinate  being.  Again,  it  is  the  moft 
certain  principle  of  all  our  knowledge,  that  whatever 
can  be  truly  affirmed  of  the  genus,  muft  be  true  of 
aU  the  individuals  comprehended  under  it.  If  there- 
fore all  bodies  are  extended,  all  the  properties  be* 
longing  to  extenfion  mvift  belong  to  each  body  in 
particular.  Now  all  bodies  are  extended ;  and  ex* 
tenfion  is  divifible  to  infinity;  therefore  everybody 
muft  be  fo  likewife^  This  is  a  fyllogifin  of  the  beft 
form^  and  as  the  firft  propofition  is  indubitable,  aQ 
that  remains,  is  to  be  afiured  that  the  fecond  is  true> 
that  is,  whether  it  be  true  or  not,  that  bodies  are 
extended. 

The  partifans  of  monads, .  In  maintaining  their 
opinion,  are  obliged  to  affirm^  that  bodies  are  not 
extended,  but  have  only  an  appearance  of  extenfion. 
They  imagine  that  by  this  they  have  fubverted  the 

D  3  arjgument 
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argument  adduced  in  fupport  of  the  divifibility  in  in- 
finitum.  But  if  body  is  tidt  extended,  I  ihould  be 
glad  to  know,  from  whefice  we  derived  the  idea  df 
extenfion ;  for,  if  body  is  not  extended,  nothing  ill 
the  world  is,  as  fpirits  are  ftiU  lefi  fd.  Our  idea  6{ 
extenfion,  therefore,  trt)uld  be  altogether  imaginary 
and  chimerical. 

Geometry  would  actordingly  be  a  Q)eculation  en- 
lirely  ufelcfs  and  illufbry,  and  never  c^uld  admit  of 
any  application  to  things  really  cxifting.  In  effeft, 
if  no  one  thing  is  extended,  to  what  purpofe  invet 
tigate  the  properties  of  extenfion?  But  as  geometry 
is,  beyond  contradiftion,  one  of  the  moft  ufeful  of 
fciences,  its  otgcft  cannot  poflibly  be  a  mere  chi- 
merat  , 

There  is  a,  ncceflit y ,  then ,  of  admitting,  that  the  ob-. 
Jeft  of  geometry  is  at  leafl:  the  fame  apparent  extenr 
fion  which  thofc  philofophers  allow  to  body;  but 
tSiis  very  objeift  is  divifible  to  infinity :  therefore  ex» 
iftifig  beings,  endowed  with  this  apparent  extenfion, 
inuft  neceffarily  be  extended, 

^Finally,  let  thofe  phUofopher^  turn  themfelves 
^^ich  way  foever  they  wifl  in  fupport  of  their  mo- 
nads, or  thofe  ultimate  and  minute  particles,  divefted 
^f  all  magnitude,  of  whrch,  according  to  them,  all 
lipdifes  are  cbmpt)fed,  th^y  ftitt  plutige  into  difficuU 
ties,  out  of  which  they  cannot  extricate  themfelves. 
Trhey  are  right  in  faying,  that  it  is  a  proof  of  dulnefs 
to  be  incapable  of  rdifliing  their  fublime  ddfttine  j 
It  may  however  be  remarked,  that  here  the  greatefb 
ftupiffity  i^^'tlie  mbft  fucttfsfld. 

SthMay.  17^1-  LETTER 
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LETTER    XL 

Refleilions   on  Divifibility  in  infinitum,  and  on 

Monads. 

IN  fpeaking  of  the  divifibility  of  body,  we  muft 
carefully  diftinguiih  what  is  in  our  power,  from 
wbat  is  poffible  in  itfelf.  In  the  firft  fenfe,  it  cannot 
be  denied,  that  fuch  a  divifion  of  body  as  we  are 
capable  of,  mufl  be  very  limited. 

By  pounding  a  ftone  we  can  eafily  reduce  it  to 
•powder;  and  if  it  were  pofiible  to  reckon  all  the 
Mttle  grains  which  form  that  powder,  their  number 
would  undoubtedly  be  fo  great,  that  it  would  be^ 
matter  of  furprize,  to  have  divided  the  ftone  into  fa 
many  parts.  But  thefe  v^  grains  will  be  almoft 
indivifible  with  refped  to  us,  as  no  inftrument  we 
could  employ  will  be  able  to  lay  hold  of  them.  But, 
k  cannot  with  truth  be  affirmed  that  they  are  indi* 
viiible  in  themfelves.  You  have  only  to  view  them, 
with  a  good  microfcope,  and  each  will  appear  itfelf 
a  confiderable  ftone,  on  which  are  diftinguiihable  a 
great  many  points  and  inequalities ;  which  demon* 
firates  the  poffibility  of  a  farther  divifion,  thougb- 
we  are  not  in  a  condition  to  execute  it.  For  wherc**^ 
ever  we  can  diftinguiih  feveral  points  in  any  objed» 
k  muft  be  diviiible  into  fo  many  parts* 

We  ipeak  not,  therefore,  of  a  divifion  prafticable 

by  our  ftrength  and  ikill,  but  of  that  which  is  po£» 

fible  in  itfelf,  and  which  the  Divine  Oixuiipotente  is 

able  to  accomplifti. 

D  4  It 


40  REFLECTIONS   ON    DIVISIBILITY, 

It  is  in  this  fenfe,  accordingly,  that  philofophera 
ufe  the  word  '  divifibility:'  fo  that  if  there  were  a 
ilone  £b  hard  that  no  force  could  break  it,  it  might 
be  without  hefitation  affirme4  as  divifible  in  its  own . 
nature,  as  the  moil  brittle,  of  the  fame  magnitude. 
And  how  many  bodies  are  there  on  which  w^  can* 
not  lay  any  hold,  and  of  whofe  divifibility  we  can 
entertain  not  the  fmalleft  doubt?  No  one  doubts 
tihat  the  moon  is  a  divifible  body,  though  he  is  in^ 
capable  of  detaching  the  fmalleft  particle  from  it  j 
^  and  the  fimple  reafon  for  its  divifibility,  is  its  being 
extended. 

Wherever  we  remark  extenfion,  we  are  under  the 
heceffity  of  acknowledging  divifibility,  fo  that  divifi- 
bility is  an  infeparable  property  of  extenfion.  But 
experience  likewifc  dcmonftrates  that  the  divifion  of 
bodies  extends  very  far.  I  fliall  not  infift  at  great 
^gth  on  the  inftancc  ufually  produced  of  a  ducat  2 
die  arti£in  can  beat  it  out  into  a  leaf  fo  fine,  as  to 
cover  a  very  large  furfoce,  and  the  ducat  may  be  di-r^ 
^ded  into  as  many  parts  as  that  furface  is  capable  of 
4-  being  divided.  Our  ovm  body  furnifhes  an  example 
much  more  furprizing.  Only  confider  the  delicate 
veins  and  nerves  with  which  it  is  filled,  and  the  fluids 
which  circulate  through  them.  The  fubtilty  there 
c^lfcover^ble  hx  lui^pafibs  imagination. 

The  finalleft  infefts,  fuch  as  are  fcarcely  vifible  to 
tlie  naked  eye,  have  all  their  members,  and  legs  on 
which  they  walk  with  amazing  velocity.  Hence  we 
&e  that  each  limb  has  itstnufcles  compofed  of  a  great 
pumbqr  of  fibres  j  that  they  have  veins,  and  neyves, 
/  and 
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and  a  fluid  dill  much   more  fubtile  which  flows 
through  their  whole  extent. 

On  viewing  with  a  good  microfcope  a  lingle  drop" 
of  water,  it  has  the  appearance  of  a  fea ;  we  (ee 
tfaouiands  of  living  creatures  fwimmihg  in  it,  each  of 
which  is  neceflaiily  cpmpofed  of.  an  infinite  number 
pf  mufcular  and  nervous  fibres,  whofe  marvellous 
ftrufture  ought  to  excite  our  admiration.  And* 
though;  thefe  creatures  may  perhaps  be  the  fmalleft 
which  we  are  capable  of  difcovering  by  the  hdp  of 
the  microfcope,  undoubtedly  they  are  not  the  fmallcft 
which  the  Creator  has  produced.  Animalcules  pro- 
bably exift  as  fmall  relatively  to  them,  as  they  are 
relatively  to  us.  And  thefe  after  all  are  not  yet  the 
finalbft,  but  may  be  followed  by  an  infinity  of  new 
daffes,  each  of  which  contains  creatures  incomparably^ 
jjhaller  than  thofe  of  the  preceding  clafs. 

We  ought  in  this  to  acknowledge  the  omnipotence 
f^  infinite  wiidom  of  the  Creator,  as  in  obje6h  of 
the  greatefl:  magnitude.  It  appears  to  me,  that  the 
eonfideration  of  thefe  minute  fpecies,  each  of  which 
is  followed  by  another  inconceivably  more  minute^ 
ought  to  make  the  ilsrelieft  imprefiion  on  our  minds^ 
and  infpirc  us  with  the  moll:  fublime  ideas  of  the 
works  of  the  Almighty,  whofe  power  knows  no 
bounds,  whether  as  to  great  otgefts  or  finall. 

To  imagine  that  after  having  divided  a  body  into 
^  great  number  of  parts,  we  arrive,  at  length,  at 
particles  fo  fmall  as  to  defy  all  farther  divifion,  is 
therefore  the  indication  of  a  very  contrafted  mind« 
^ut  fuppofing  it  poillble  to  defcend  to  p^tides  fo 

minute 
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niihes,  or  becomes  nothing.  They  even  form  k  new 
objection,  by  alleging  that  all  bodies  would  be  com- 
pofed  of  an  infinite  number  of  nothings,  which  is  a 
ftill  greater  abfurdity* 

I  readily  admit  this ;  but  I  remark  at  the  fame 
time,  that  it  ill  becomes  them  to  raife  fuch  an  ob- 
jedion,  feeing  they  maintain,  that  all  bodies  are 
cx>mpofed  of  a  certain  number  of  monads,  though, 
rdatively  to  magnitude,-  they  arc  abfolute  nothings : 
£6  that  by  their  own  confeffion,  fevetal  nothings  arc 
capable  of  producing  a  body.  They  are  right  in 
faying  their  monads  are  not  nothings,  but  beings  en^ 
dowed  with  an  excellent  quality,  on  which  the  na- 
ture of  the  bodies  which  they  compofe  is  founded. 
Now,  the  only  queftion  here  is  refpefting  extenfion ; 
and  as  they  are  under  the  neceffily  of  admitting  that 
their  monads  have  none,  feveral  nothings,  according 
to  them,  would  always  be  fomething. 

But  I  fliall  pufli  this  argument  againft  the  fyftem 
of  monads  no  farther ;.  my  objed  being  to  make  a 
direft  reply  to  the  objeftion  founded  on  the  ultimate 
particles  of  bodies,  raifed  by  the  monadifts  in  fupport 
of  their  fyftem,  by  which  they  flatter  themfelves  iui 
the  confidence  of  a  complete  vidory  over  the  parti- 
fans  of  divifibility  in  infinitum. 

I  fhould  be  glad  to  know,  in  the  fir  ft  j^ce,  what 
they  mean  by  the  ultimate  particles  of  bodies.  In 
their  fyftem,  according  to  which  every  body  is  com- 
pofed  of  a  certain  number  of  nfionads,  J  clearly  com^ 
prehend  that  the  ultimate  particles  of  a  body,  are  the 
monads  thencifelves  which  coAfiitute  it  j  but  in  th^ 

fyftem 
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fyftem  of  divifibility  in  infinitum,  the  term  ultimate 
particle  isr  abfoljitely  unintelli^ble. 

They  are  right  in  faying,  that  thefe  are  the  par- 
ticles at  which  we  arrive  from  the  divifion  of  bodies, 
after  having  continued  it  to  infinity.  But  this  is 
jiift  the  fame  thing  with  faying,  after  having  finiflied 
a  divifion  which  never  comes  to  an  end.  For  divi- 
fibility in  infinitum  means  nothing  elfe  but  the  pof- 
fibility  of  always  carrying  on  the  divifion,  without 
ever  arriving  at  the  point  where it  would  be  ncceflary 
to  ftop.  He  who  maintains  divifibility  in  infinitum, 
boldly  denies,  therefore,  the  exiftence  of  the  ultimate 
particles  of  body ;  and  it  is  a  manifeft  contradifition, 
Jk>  fuppofe'at  once  ultimate  particles  and  divifibility 
in  infinitum. 

I  reply,  then,,  to  the  partifans  of  the  fyfl:em  of 
monads,  that  their  objeftion  to  the  divifibility  of 
body  to  infinity  would  be  a  very  folid  one,  did  that 
fyftem  admijt  of  ultimate  particles ;  but  being  ex- 
prelsly  excluded  from  it,  all  this  reafpning,  of  courfe, 
falls  to  the  ground. 

It  is  falfe,  therefore,  that  in  the  fyfl:em  of  divifibi- 
lity in  infinitum,  bodies  are  compofed  of  an  infinity 
,of  particles.  However  dofely  connected  thefe  two 
propofitions  may  appear  to  the  partiians  of  monads, 
they  manifeftly  contradid:  each  other  j  for  whoever 
maintains  that  body  is  divifible  in  infinitum,  or  with- 
out end,  abfolutdy  denies  the  exifl:ence  of  ultimate 
particles,  and  confequently  has  no  concern  in  the 
.queftion.  The  term  can  only  mean  fuch  particles  ag 
.are  no  longer  divifible,  an  idea  totally  inconfiflent 

with. 
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with  the  fyftem  of  divifibUitf  in  infimtum*    This 
formidable  attack,  then,  is  completely  repelled. 

i2iif  May,  1761. 


LETTER  XIII. 

Principle  of  the  fatisfying  Reafoii,  ihejtrongeji  Support 

of  the  Monadijls. 

'\TO\3  muft  be  perfectly  fenfible  that  one  of  the 
-^    two  fyftems,  which  have  undergone  fuch  ample 
difcuffion,  is  neceflarily  true,  and  the  other  falfe,  fee- 
ing they  are  contradiftory. 

It  is  admitted  on  both  fides,  that  bodies  are  divi^ 
fible :  the  only  quefUon  is.  Whether  this  divifibiKty 
is  limited  ?  or  Whether  it  may  always  be  carried 
farther,  without  the  poflibility  of  ever  arriving  at 
in()ivifible  particles  ? 

The  fyfteni  of  monads  is  efhiblifhed  in  the  former 
cafe,  fince  after  having  divided  a  body  into  indiviiible 
particles,  thcfe  very  particles  are  monads,  and  there 
would  be  reafon  for  faying  that  all  bodies  are  com- 
pofed  of  them,  and  each  of  a  certain  determinate 
number.     Whoever  denies  the  fyftem  of  monads, 
muft  likewife,  then,  deny  that  the  divifibility  of  bo- 
dies is  limited.     He  is  under  the  neceflity  of  main-* 
tainxngi  that  it  is  always  poffible  to  carry  this  divifi- 
bility farther,  without  ever  being  obliged  to  ftop ; 
and  this  is  the  cafe  of  divifibility  in  infinitum,  on 
which  fyftem  we  abfolutely  deny  the  exiftence  of  ul- 
timate parddes :  confequently  the  difficulties  refult-' 
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^  ing  from  their  mfinitc  number  faU  to  the  ground  of 
themfdves.  In  denying  monads,  it  is  impoifible  to 
talk  any  longer  of  ultimate  particles,  and  Hill  lefs  of 
the  number  of  them  which  enters  into  the  compo« 
fition  of  each  body. 

You  muft  have  remarked,  that  what  I  have  hitherto 
produced  in  fupport  of  the  fyftem  ef  monads  is  defti* 
tute  of  folidity.  I  now  proceed  to  inform  you  that 
its  fupporters  reft  their  caufe  chiefly  on  the  great 
principle  of  the  fufficient  reafon^  which  they  know 
how  to  employ  fo  dexteroufly,  that  by  means  of  it 
they  are  in  a  condition  to  demonftrate  whatever 
fuits  their  purpofe,  and  to  demolifh  whatever  makes 
ag^ft  them.  The  blefled  difcovery  made,  then,  is 
this.  That  nothing  can  be  withoitt  a  fufficient  reafon ; 
and  to  modern  philofophers  ^e  Hand  indebted  for  it. 

In  order  to  give  you  an  idea  of  this  principle,  you 
have  Only  to  confider,  that  in  every  thing  prefented 
to  you,  it  may  always  be  afked.  Why  it  is  fuch  ?  And 
the  anfwer  is  what  they  call  xht  fufficient  reafon^  fup- 
pofing  it  really  to  correlpond  with  the  queftion  pro- 
pofed.  Wherever  the  why  can  take  place,  the  po& 
fibility  of  a  fatisfaftory  anfwer  is  taken  for  granted^ 
which  ihall,  of  courfe,  contain  the  fufficient  reafon  of 
the  thing. 

This  is  very  far,  however,  from  being  a  myftery 
of  modem  difcovery.  M«*n  in  ev^ry  age  have  aiked 
why }  an  inconteftable  proof  of  their  convidtion  that 
cvtry'  thing  muft  have  a  fatisfying  reafon  of  its  exift-* 
ence.  This  principle,  that  nothing  is  without  a  caufe j 
vWas  very  well  known  to  ancient  philofophers  ;  but 

unhappily 
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unhappily  this  caufe  is  for  the  moft  part  concealed 
from  MS*  To  little  purpofe  do  we  afk  why :  no  one 
is  qualified  to  affign  the  reafon-  •  It  is  not  a  matter  of 
doaibt,  that  every  thing  has  its  canfe ;  but  a  progrefs 
thus  far  hardly  deferves  the  name  j  and  fo  long  as  it 
remains  concealed,  we  have  not  advanced  a  iingle 
fiep  in  real  knowledge. 

You  may  perhaps  imagine,  that  modern  philofo* 
phers,  who  make  fuch  a  boaft  of  the  principle  of  a 
fatisfying  reafon,  have  aftually  difcovered  that  of  all 
things,  and  are  in  a  condition  to  anfwer  every  why 
that  can  be  propofed  to  them ;  which  would  un- 
doubtedly be  the  very  fummit  of  human  knowledge; 
but,  in  this  refpecl,  thjif  are  juft  as  ignorant  as  their 
neighbours :  their  whde  merit  amounts  to  no  more 
than  a  pretenfion  to  hive  demonftrated,  that  wher^ 
ever  it  is  poffible  to  afk  the  queftion  ivhyj  there  muft ' 
be  a  fatisfying  anfwer  to  it,  though  concealed  from  us* 

They  readily  admit,  that  the  ancients  had  a  know- 
ledge of  this  principle,  but  a  knowledge  very  obfcure ;' 
whereas  they  pretend  to  have  placed  it  in  its  cleareft 
light,  and  to  have  demonftrated  the  truth  of  it :  and 
therefore  it  is  that  they  know  how  to  turn  it  moft  to 
^eir  acct)unt,  and  that  this  principle  puts  them  in  a 
condition  to  prove,  that  bodies  are  compofed  of 
monads. 

Bodies,  fay  they,  muft  have  their  fufficient  reafon 
fomewhere;  but  if  they  were  divifible  to  infinity, 
fuch  reafon  could  not  take  place:  and  hence  they 
conclude,  with  an  ^  altogether  philofophic,  that,  as 
every  thing  mu/i  have  its  fufficient  reafoni  it  is  abfolutely 

6  necejfary 
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neceffkry  that  all  bodies  Jhotdd  be  compofed  of  monads  2 
which  was  to  be  demonftrated*  This,  I  muft  admits 
is  a  demonft ration  not  to  be  refifted. 

It  were  greatly  to  be  wiflied  that  a  reafoning  fo 
flight  could  elucidate  to  us  queftions  of  this  import* 
ance;  but!  frankly  confefs,  I  comprehend  nothing 
of  the  matter.  They  talk  of  the  fufficient  reafon  of 
bodies,  by  which  they  mean  to  reply  to  a  certain 
wherefore y  which  remains  unexplained.  But  it  would 
be  proper,  undoubtedly,  clearly  to  underftand,  and 
carefully  to  examine  a  queftion,  before  a  reply  is  at* 
tempted ;  in  the  prefent  cafe,  the  anfwer  is  given 
before  the  queftion  is  formed. 

Is  it  aiked.  Why  do  bodies  exift  ?  It  would  be  ri- 
diculous, in  my  opinion,  to  reply,  Becaufe  they  are 
compofed  of  monads ;  as  if  they  contained  the  caufe 
of  that  exiftence.  Monads  have  not  created  bodies : 
and  when  I  alk,  Why  fuch  a  being  exifts  ?  I  fee  no 
other  reafon  that  can  be  given  but  this,  Becaufe  the 
Creator  has  given  it  exiftence  ;  and  as  to  the  manner 
in  which  creation  is  performed,  philofophers,  I  think, 
would  do  well  honeftly  to  acknowledge  their  igno- 
rance. 

But  they  maintain,  that  God  could  not  have  pro- 
duced bodies,  without  having  created  monads,  which  . 
were  neceffary  to  form  the  compofition  of  them. 
.This  manifeftly  fuppofes,  that  bodies  are  compofed 
of  monads,  the  point  which  they  meant  to  prove  by 
this  reafoning.  And  you  are  abundantly  fenfible, 
that  it  is  not  fair  reafoning  to  take  for  granted  the 
truth  of  a  propofition  which  you  are  bound  to  prove 
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by  reafoning.    It  is  a  fophifm  known  in  logic  by  the 
name  of  a  petitio  principii^  or,  begging  the  queftion* 
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LETTER  XIV. 

Another  Argument  of  the  Monadi/is^  derived  from  the 
Principle  of  the  fufficient  Reafpn.     AbfUrdities  re^ 
,fultingfrom  it. 

THHE  partifans  of  monads  likewife  derive  their 
^  grand  argument  from  the  principle  of  the  £a- 
tisfying  reafon,  by  alleging  that  they  could  not  even 
comprehend  the  poffibility  of  bodies,  if  they  were 
divifible  to  infinity,  as  there  would  be  nothing  in 
them  capable  of  checking  imagination :  they  muft 
have  ultimate  particles  or  elements,  the  compofition 
of  which  muft  ferve  to  explain  the  compofition  of 
bodies. 

But  do  they  pretend  to  underftand  the  poffibility 
of  all  the  things  which  exift  ?  This  would  favour  too 
much  of  pride ;  nothing  is  more  common  among 
philofophers  than  this  kind  of  reafoning :  I  cannot 
comprehend  the  poffibility  of  this,  unlefs  it  is  fuch 
is  I  imagine  it  to  be :  therefore  it  neceflarily  muft  be 
fuch. 

You  clearly  comprehend  the  frivploufnefs  of  fuch 
reafoning ;  and  that  in  order  to  arrive  at  truth,  re- 
fearch  much  more  profound  muft  be  employed.  Ig- 
norance can  never  become  an  argument  to  conduct 
us  to  the  knowledge  of  truth,  and  the  one  in  queftion 

IS 
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is  evidently  founded  on  ignorance  of  the  different 
manners  which  may  render  the  thing  pof&ble* 

But  on  the  fuppofition  that  nothing  exifts  but 
that  whofe  poffibility  they  are  able  to  comprehend, 
is  it  poilible  for  them  to  explain  how  bodies  would 
be  compofed  of  monads  ?  Monads,  having  no  exten- 
fion,  muft  be  considered  as  points  in  geometry,  or  as 
we  reprefent  to  ourfelves  fpirits  and  fouls.  Now  it 
is  well  known  that  many  geometrical  points,  let  the 
number  be  fuppofed  ever  fo  great,  never  can  pro- 
duce a  line,  and  confequently  ftill  lefs  a  futfece,  or  a 
body.  If  a  thoufand  points  were  fufficient  to  con- 
ftitute  the  thoufandth  part  of  an  inch,  each  of  thefe 
muft  neceffarily  have  an  extenfion,  which,  taken  a 
thoufand  times,  would  become  equal  to  the  thou- 
fandth part  of  an  inch.  Finally,  it  is  an  inconteftable 
truth,  that  take  any  number  of  points  you  will,  they 
never  can  produce  extenfion.  I  fpeak  here  of  points 
fuch  as  we  conceive  in  geometry,  without  any  length, 
breadth  or  thicknefs,  and  which  in  that  refpeft,  are 
abfolutely  nothing. 

Our  philofophers  accordingly  admit  that  no  ex- 
tenfion can  be  produced  by  geometrical  points,  and 
they  folemnly  proteft  that  their  monads  ought  not 
to  be  confounded  with  thefe  points.  They  have  no 
more  extenfion  than  points,  fay  they ;  but  they  are 
invefted  with  admirable  qualities,  fuch  as  reprefent- 
ing  to  them  the  whole  univerfe  by  ideas,  though  ex- 
tremely obfcure ;  and  thefe  qualities  '  render  them 
proper  to  produce  the  phenomenon  of  extenfion,  or 
rather  that   apparent  extenfion  which   I  formerly 
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^ihehtiohed.  The  fame  idea,  then,  ought  to  be  formed 
of  monads  ks  of  fpirits  arid  fouls,  with  this  difference, 
that  the  faculties  of  monads  ire  much  more  imper- 
fed. 

The  difficulty  appears  to  me  by  this  greatly  in- 
creafed,  and  I  flatter  myfelf  you  will  be  of  my  opi- 
nion, that  two  or  more  fpirits  cannot  polfibly  be 
joined  fo  as  to  form  extenfion.  Sefveral  fpirits  may 
very  well  form  an  affembly,  or  a  council,  but  never 
an  extenfion;  abftradion  made  of  the  body  of  each 
counfellor,  which  contributes  nothing  to  the  delibe- 
tation  going  forward,  for  this  is  the  production  of 
fpirits  only ;  a  council  is  nothing  elfe  but  an  affemWy 
of  fpirits  or  fouls :  but  could  fuch  an  affembly  re- 
prefentin  extenfion?  Hence  it  follows,  that  monads 
are  flill  lefs  proper  to  produce  extenfion  than  geo- 
metrical points  are. 

The  partifans  of  the  fyftem,  accordingly,  are  not 
a^greed  as  to  this  point.  Some  allege,  that  monads 
are  aftual  parts  of  bodies  ;  and  that  after  having  di- 
vided a  body  as  far  as  poffible,  you  then  arrive  at 
the  monads  which  conftitute  it. 

Others  abfolutely  deny  that  monads  can  be  coti- 
fidered  as  conflituent  parts  of  bodies ;  according  to 
them,  they  contain'  only  the  fufficient  reafon :  while 
the  body  is  in  motion,  the  monads  flii*  not,  but  they 
contain  the  fufficient  reafon  of  motion.  Finally, 
they  cannot  touch  each  other ;  thus,  when  my  hand 
touches  a  body,  no  one  monad  of  my  hand  touches 
a  monad  of  the  body. 

What  is  it  then,  you  will  aik,  that  totiches  in  this 

cafe. 
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cafe,  if  it  is  not  the  monads  ^yhich  compofe  the  hand 
and  the  body  ?  The  anfwer  muft  be,  that  two  no- 
things touch  each  other,  or  rather  it  muft  be  denied 
that  there  is  a  real  contact.  It  is  a  mere  illufion  delU- 
lute  of  all  foundation.  They  are  under  the  neceffity 
of  affirming  the  fame  thing  of  all  bodies,  which  ac- 
cording to  thefe  philofophers  are  only  phantoms 
.  formed  by  the  imagination,  reprefentihg  to  itfelf 
very  conftifedly  the  ^lonads  which  contain  the  fiif- 
ficientreafon  of  all  that  we  denominate  body. 

Iiji  this  philofophy  every  thing  is  fpirit,  phantonpi 
and  iUufion ;  and  when  we  cannot  comprehend  thefe 
myfteries,  it  is  our  ftupidity  that  keeps  up  an  attach- 
ment to  the  grols  notions  of  the  vulgar. 

Thf  grea^eft  fingularity  in  the  cafe  is,  that  thef^ 
pthilqjfop^ers,  "^^ix  a  defig^  to  inveftigate  and  explain 
the  nature  of  bodies  and  of  extenfion,  are  at  laft  re^ 
duc^d  to  deny  their  exiftence.  This  is  undoubtedly 
the  fi^reft  way  to  fucceed  in  explaining  the  phen<> 
mena  of  nature ;  ypu  have  only  to  deny  them,  and 
tQ  a^ege,  in  propf,  ^he;  p^^inciple  of  the  fufficient 
^eafon.  Into  fuch  extravagancies  will  philofophers 
run,  rather  than  acknowledge  their  ignorance. 

19/^  Majfy  1 761. 
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ReJleBio7is  on  the  Sv/lcm  cf  Monads. 

TT  would  be  a  great  pity,  however,  that  this  inge- 
-*•  nious  fyftem  of  monads  fliould  crumble  into  ruins. 
It  has  made  too  much  noife,  it  has  coft  its  partifans 
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too  many  fublime  and  profound  fpeculations,  to  be 
permitted  to  fink  into  total  oblivion.  It  will  ever 
remain  a  ftriking  monument  of  the  extravagance 
into  which  the  fpirit  of  philofophizing  may  run.  It 
is  well  worth  while,  then,  to  prefent  you  with  a 
more  particular  account  of  it. 

It  is  neeeffary,  firft  of  all,  to  banifli  from  the  mind 
every  thing  corporeal,  all  extenfion,  all  motion,  all 
time  and  fpace,  for  all  thefe  are  mere  illufion.  No- 
thing exifts  in  the  world  but  monads,  the  number  of 
which  undoubtedly  is  prodigious.  No  one  monad 
is  to  be  found  in  connexion  with  others ;  and  it  is 
demonftrated  by  the  principle  of  the  fufficient  rea- 
fon,  that  monads  can  in  no  manner  whatever  aft 
upon  each  other.  They  are  indeed  invefted  with 
powers,  but  thefe  exerted  only  within  themfelves, 
without  having  the  leaft  influence  externaUy. 

Thefe  powers,  with  which  each  monad  is  endowed, 
have  a  tendency  only  to  be  continually  changing 
their  own  ftate,  and  confift  in  the  reprefentation  of 
all  other  monads.  My  foul,  for  example,  is  a  nio- 
nad,  and  contains  in  itfelf  ideas  of  the  ftate  of  all 
other  monads. .  Thefe  ideas  are  for  the  moft  part 
very  obfcure ;  but  the  powers  of  my  foul  are  conti- 
nually employed  in  their  farther  elucidation,  and  in 
carrying  them  to  a  higher  degree  of  clearnefs. 
Other  monads  have,  in  this  refpeft,  a  fufficient  re- 
femblance  to  my  foul ;  each  is  replete  with  a  prodi- 
gious quantity  of  obfcure  ideas  of  all  other  monads, 
and  of  their  ftate;  and  they  are  continually  exert- 
ing themfelves  with  more  or  leis  fuccefs  in  unfolding 

thefe 
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diefe  ideas,  and  in  carrying  them  to  a  higher  degree 
of  dearnefs. 

Such  monads  as  have  fucceeded  better  than  I  have 
done  are  fpirits  more  perfeft ;  but  the  greater  part 
ftill  remain  in  a  ftate  of  ftagnation,  in  the  greateft 
obfcurity  of  their  ideas;  and  when  they  are  the  ob- 
jeft  of  the  ideas  of  my  foul,  they  produce  in  it  the 
illufory  and  chimerical  idea  of  extenfion,  and  of 
body.  As  often  as  my  foul  thinks  of  bodies  and  of 
motion,  this  proves  that  a  great  quantity  of  other 
monads  are  ftill  buried  in  their  obfcurity ;  it  is  like- 
wife  when  I  think  of  them,  that  my  foul  forms  with- 
in itfelf  the  idea  of  fome  extenfion,  which  is  confe- 
quently  nothing  but  mere  illufion. 

The  more  monads  there  are  plunged  in  the  abyfs 
of  the  obfcurity  of  their  ideas,  the  more  is  my  foul 
dazzled  with  the  idea  of  extenfion ;  but  when  they 
come  to  clear  up  their  obfcure  ideas,  extenfion  feems 
to  me  to  diminifh,  and  this  produces  in  my  foul  the 
illufory  idea  of  motion. 

You  will  afk,  no  doubt,  How  my  foul  perceives 
that  other  monads  fucceed  in  developing  their  ob- 
fcure ideas,  feeing  there  is  no  connection  between 
them  and  n;ie?  The  partifans  of  the  fyftem  of  mo- 
nads arc  ready  with  this  reply,  that  it  takes  place 
conformably  to  the  perfeft  harmony  which  the  Cre- 
ator (who  is  himfelf  only  a  monad,)  has  eftabliflied 
between  monads,  by  which  each  perceives  in  itfelf, 
as  in  a  mirror,  every  developement  produced  in 
others,  without  any  manner  of  connexion  between 
them. 
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It  is  to  be  hoped,  then,  that  all  monads  may  at 
length  become  fo  happy  as  to  clear  up  their  obfcure 
ideas,  and  then  we  fhould  lofe  all  ideas  of  body  and 
of  motion ;  and  the  illufion,  arifing  merely  from  the 
obfcurity  of  ideas,  would  entirely  ceafe. 

But  there  is  little  appearance  of  the  arrival  of  this 
bleffed  ftate;  moft  monads,  after  having  acquired 
the  capacity  of  clearing  up  their  obfcure  ideas,  fud-^ 
denly  relapfe.  When  ftiut  up  in  my  chamber,  I  per- 
ceive  myfelf  but  of  fmall  extenfion,  becaufe  feveral 
monads  have  then  unfolded  their  ideas :  but  as  foon 
as  I  walk  abroad,  and  contemplate  the  vaft  expanfe 
of  heaven,  they  muft  all  have  relapfed  into  their 
ftate  of  dulnefs, 

There  is  no  change  of  place  or  of  motion ;  aU 
that  is  illufion  merely :  my  foul  remains  almoft  al^ 
ways  in  the  fame  place,  juft  as  all  other  monads. 
But,  when  it  begins  to  unfold  fome  ideas,  which  be- 
fore were  but  very  obfcure,  it  appears  to  me  then 
that  I  am  approaching  the  objeft  which  they  repre^ 
fent  to  me,  or  rather  that  which  the  monads  of  fuch 
idea  excite  in  me :  and  tliis  is  the  real  explanation 
of  the  phenomenon,  when  it  appears  to  us  that  we 
are  approaching  to  certain  objeds. 

It  happens  but  too  frequently  that  the  elucidations 
we  had  acquired  are  again  loft;  then  it  appears  to 
us  that  we  are^removing  from  the  fame  objeft.  And 
here  we  muft  look  for  the  true  folution  df  our  jour- 
neyings.  My  idea,  for  example,  of  the  city  of  Mag- 
deburg is  produced  by  certain  monads,  of  which  at 
prefent  I  have  but  very  obfcure  .  ideas ;  and.  this  is 

the 
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the  reafon  why  I  confider  myfelf  as  at  a  diftance  from 
Magdeburg.  Laft  year,  thefe  fame  ideas  fuddenly 
became  clear,  and  then  }  imagined  I  was  traveUi;ng 
to  Magdeburg,  and  that  I  remained  there  feveral 
days.  This  journey,  however,  was  an  illufion  merely^ 
for  my  foul  nqver  ftirs  from  its  place.  It  is  likewife 
an  illufion  when  you  imagine  yourfelf  abfent  from 
Berlin,  becaufe  the  confufed  reprcfentation  of  certain 
monads  excites  an  obfcure  idfia  of  Berlin,  which  you 
have  only  to  clear  up,  and  that  inftant  you  are  at 
Berlin.  Nothing  more  is  neceflary.  What  we  call 
journeys,  and  on  which  we  expend  fo  much  moneys 
is  mere  illufion.  Such  is  the  real  plan  of  the  fyftenj 
of  monads. 

You  will  afk.  Is  it  pofiible  there  ever  Ihould  have 
been  perfons  of  good  fenfe,  who  ferioufly  maintained 
thefe  extravagances  ?  I  reply,  there  have  been  but 
too  many,  that  I  know  feveral  of  them,  that  there 
are  fome  at  Berlin,  nay  perhaps  at  Magdeburg. 

Z'^d  May^   1761. 
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Continuation. 

'T^HE  fyftem  of  monads,  fuch  as  I  have  been  de- 
fcribing  it,  is  a  neceflary  confequenc^e  from  the 
principle,  that  bodies  are  compounded  of  fimple  be- 
ings. The  moment  this  principle  is  admitted,  you 
are  obliged  to  acknowledge  the  juftnefs  of  all  the 
other  confequences,  which  refult  from  it  fo  naturally, 

that 
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that  it  is  impoffible  to  rqcft  any  one,  however  ab- 
furd  and  contradiftory. 

yirft,  thefe  fimple  beings,  which  muft  enter  into 
the  compofition  of  bodies,  being  monads  which  have 
BO  extenfion,  neither  can  their  compounds,  that  is 
bodies,  have  any ;  and  all  thefe  extenfions  become 
illufion,  chimera,  it  being  certain,  that  parts  defli- 
tutc  of  extenfion  are  incapable  of  producing  a  real 
extenfion ;  it  can  be,  at  moft,  an  appearance,  or  a 
phantom  which  dazzles  by  a  fallacious  idea  of  ex- 
tenfion*  In  a  word,  every  thing  becomes  illufion, 
and  upon  this  is  founded  the  fyftem  of  pre-eftabliflied 
harmony,  the  difficulties  of  which  I  have  already 
pointed  out. 

It  is  neceffary  then  to  take  care  that 'we  be  not  en- 
tangled in  this  labyrinth  of  ubfurdities.  If  you  make 
a  fingle  falfe  ilep  over  the  threfliold,  you  are  in- 
volved beyond  the  power  of  efcaping.  Every  thing 
depends  on  the  firft  ideas  formed  of  extenfion;  and 
the  manner  in  which  the  partifans  of  the  fyfl:em  of 
monads  endeavour  to  eftablifh  it,  is  extremely  fe- 
duclive. 

Thefe  philofophers  love  not  to  fpeak  of  the  ex^ 

tenfion  of  bodies,  becaufe  they  clearly  forefee,  that 

it  muft  become  falal  to  them  in  the  fequel ;  but  in- 

ftead  of  faying,  that  bodies  are  extended,  they  d©. 

nominate  them  compound  beings,  which  no  one  can 

deny,  as  extenfion  neceffarily  fuppofes  divifibility, 

» 

and  confequently  a  combination  of  parts  which  con- 
ftitute  bodies.  But  they  prefently  make  a  wrong 
ufe  of  this  notion  of  a  compound  being.     For,  fay 

they. 
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they,  a  being  can  be  compounded  only  fo  for  as  it  is 
made  up  of  fimple  beings ;  and  hence  they  conclude, 
that  every  body  is  compounded  of  fimple  beings. 
As  foon  as  you  grant  them  this  conclufion,  you  are 
caught,  beyond  the  power  of  retreating;  for  you  are 
under  the  neceffity  of  admitting,  that  thefe  fimple 
beings,  not  being  compounded,  are  not  extended. 

This  captious  argument  is  exceedingly  feductive. 
If  you  permit  yourfelf  to  be  dazzled  with  it,  they 
have  gained  their  poir\t.  Only  admit  this  propofi- 
tion,  bodies  are  compounded  of  fimple  beings,  that 
is,  of  parts  which  have  no  extenfion,  and  you  are 
entangled.  With  all  your  might,  then,  refift  this 
affertion :  every  compound  behig  is  made  up  of  fimple 
beings ;  and  though  you  may  not  be  able  directly  to 
prove  the  fallacy,  the  abfurd  confequences  which 
immediately  refult,  would  be  fufEcient  to  over- 
throw it. 

In  eflfeft,  they  admit  that  bodies  are  extended; 
from  this  point  the  partifans  of  the  fyftem  of  mo- 
nads fet  out,  to  eftablifh  the  propofition  that  they 
are  compound  beings;  and  having  hence  deduced, 
that  bodies  are  compounded  of  fimple  beings,  they 
are  obliged  to  allow,  that  fimple  beings  are  incapable 
of  producing  real  extenfion,  and  confequently,  that 
the  extenfion  of  bodies  is  mere  illufion. 

An  argument  whofe  conclufion  is  a  direct  contra- 
diction of  the  premifes  is  fingularly  ftrange :  this 
reafoning  fets  out  with  advancing  that  bodies  are  ex- 
tended; for,  if  they  were  not,  how  could  it  be 
known  that  they  are  compound  beings,  and  then 
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Qpmesf  the  cenclufion,  that  they  are  not  fo.  Ncy^ 
was  a  fellj^GiojLis  argument,  m  my  opinion,  more  comr. 
j^etely  r^toed  than  this  has  been.  The  queftion 
W^Sj^  Why  are  bodies  extended?  And,  after  a  little 
terning  and  winding,  it  is  anfwered,  Becaufe  they 
are  notfb*  Were  I  to  be  aiked.  Why  has  a  triangle 
three  fides?  and  I  ihould  reply,  that  it  is  a  mere  iU 
lufion,  would  fuch  a  reply  be  deemed  fatisfaclory  ? 

It  is  therefore  certain,  that  this  propofition,  *  Every 
compound  being  is  neceffarily  made  up  of  fimple  be* 
ings,*  leads  to  a  falfe  conclufion,  however  well-founded 
it  may  appear  to  the'partifans  of  monads,  who  ev^ 
pretend  to  rank  it  among  the  axioms,  or  firft  prin- 
ciples of  human  knowledge. .  The  abfurdity  in  which 
it  imniediately  iffues,  is  fufficient  to  overturn  it,  were 
there  no  other  reafons  for  calling  it  in  queftion. 

But  ^s  a  compound  being  here  means  the  feme 
thing  as  an  extended  being,  it  is  juft  as  if  it  wcare 
affirmed, '  Every  extended  being  is  compounded  of 
beings  which  are  not  fo.*  And  this  is  precifely  the 
queftion.  It  is  aiked.  Whether,  on  dividing  a  body^ 
you  arrive  at  length  at  parts  unfufceptible  of  any 
farther  divifion,  for  want  of  extenfion ;  or.  Whether 
you  never  arrive  at  particles  fuch  as.  that  the  divifi- 
bility  fliould  be  unbounded  ? 

In  order  to  determine  this  important  queftion, 
for  the  fake  of  argument  let  it  be  fuppofed,  that 
every  body  is  compounded  of  parts  without  exten- 
fion.  Certain  fpecious  reafonings  may  cafily  be  em- 
ployed, drawn  from  the  noted  principle  of  the  fuf- 
iicient  leifon;  and  it  will  be  faid,  that  a  compound 

2  being 


•feVsf  Hltt  "OP    MONADS.  'M 

"being  cAh  have  ItS  fufficiertt  reafon  dtlly  in  the  flmpte 
teings  which  Compofe  It ;  which  might  be  true,  if 
the  Compound  being  were  in  £i&  made  up  of  Gmplb 
beings,  the  very  point  in  queftion;  and  whenever 
'this  compofition  is  denied,  the  fufficient  reafon  be- 
comes totally  inapplicable. 

But  it  is  dangerous  to  enter  the  lifts  with  perfdtfe 
-who  believe  in  monads;  for,  befides  that  there  Is 
nothing  to  be  gained^  they  loudly  exclaim  that  you 
are  atCackifig  the  principle  of  the  fufficient  reafoti, 
■Which  is  the  bafis  of  all  certainty,  even  of  the  fesift-, 
'ince  of  God.  According  to  them,  whoever  reftifcs 
■to  admit  monads,  and  rejefts  the  n],;}gnificent  fabric, 
in  which  every  thing  is  iUufion,  is  an  infidel  and  an 
atheift.  Sure  I  am  that  fuch  a  frivolous  iniputatioii 
will  not  make  the  flighted  itnpreflion  on  your-mind, 
'but  that  you  will  'perceive  the  wild  extravagMidcs 
'into  which  men  are  driven, -when  they  embrace  the 
fyftem  of  monads,  a'fyftem  too  abfurd  to  need  a 
'refutatienin  ■detail ;  their  foundation  being  abfo- 
hilely  reduced  to  a  wretched  abufe6f  the  principle 
■  of  the  fufficient  reafon. 
a6/A  Maj,  1761. 


LETTER    XVII. 

Conclujien  of  Reflexions  on  this  Syjiem. 

TyCTE  are  under  the  neceffity  of  acknowledging 
the  'diVifibilit'y  of  bodies  in  infinitum,  or  of 
admitting  the  fyftem  of  monads  wilh  all" the  extrava- 
gancies 
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gancies  refulting  from  it ;  there  is  no  other  choice! 
an  alternative  which  fupplies  the  partifans  of  that 
fyftem  with  another  formidable  argument  in  fupport 
of  it. 

They  pretend  that,  by  divifibility  in  infinitum,  we 
^re  obliged  to  afcribe  to  bodies  an  infinite  quality, 
whereas  it  is  certain  that  God  alone  is  infinite^ 

The  partifans  of  the  fyftem  of  monads  are  very 
dangerous  perfons  ;  they  accufed  us  of  atheifm,  and 
now  they  charge  us  with  polytheifm,  alleging  that 
we  afcribe  to  all  bodies  infinite  perfe£tions.  Thus 
we  fhould  be  much  worfe  than  pagans,  who  only 
worfhip  certain  idols,  whereas  we  are  accufed  of  pay- 
ing homage  to  all  bodies  as  fo  many  divinities.  A 
dreadful  imputation,  no  doubt,  were  it  well  founded; 
and  I  fliould  certainly  prefer  embracing  the  fyftem 
of  monads,  with  all  the  chimeras  and  illufions  which 
flow  from  it,  to  a  declaration  in  favour  of  divifibility 
in  infinitum,  if  it  involved  a  condufion  fo  impious* 

You  will  allow  that  to  reproach  one's  adverfaries 
with  atheifm  or  idolatry  is  a  very  ftrange  mode  of 
arguing ;  but  where  do  they  find  us  afcribing  to  bo- 
dies this  divine  infinity  ?  Are  they  infinitely  power- 
ful, wife,  good,  or  happy  ?  By  no  means :  we  only 
aflSirm,  that  on  dividing  bodies,  though  the  divifion 
be  carried  on  ever  fo  far,  it  will  always  be  poflible 
to  continue  it  farther,  and  that  you  never  can  arrive 
at  indivifible  particles.  It  may  accordingly  be  af- 
firmed that  the  divifibility  of  bodies  is  without  limits ; 
and  it  is  improper  to  ufe  the  term  infinity^  which  is 
applicable  to  God  alone. 

Imuft 
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1  muft  remark  at  the  fame  time,  that  the  word 
*  infinity*  is  not  fo  dangerous  as  thefe  philofophers 
infinuate.  In  faying,  for  example,  infinitely  wicked, 
nothing  is  more  remote  from  the  perfeftions  of  God. 
They  admit  that  our  fouls  will  never  have  an  end, 
and  thus  acknowledge  an  infinity  in  the  duration  of 
the  foul,  without  marking  the  leaft  difrefpeft  to  the 
infinite  perfedions  of  God,  Again,  when  you  alk* 
them  if  the  extent  of  the  univerfe  is  bounded,  arc 
they  very  indecifive  in  their  anfwer  ?  Some  of  them 
frankly  allow,  that  the  extent  of  the  univerfe  may 
very  probably  be  infinite,  without  our  being  abl^ 
however  far  our  ideas  are  carried,  to  determine  its 
limits.  Here  then  is  one  infinity  more,  which  they 
do  not  deem  heretical. 

For  a  ftill  ftronger  reafon  divifibility  in  infinitum, 
ought  not  to  give  them  the  leaft  offence.  To  be  dir 
vifible  to  infinity  is  not  furely  an  attribute  which  any 
one  could  ever  think  of  afcribing  to  the  Supreme 
Being,  and  confers  not  on  bodies  a  degree  of  perfec- 
tion which  would  not  be  far  from  that  which  thefe 
philofophers  allow  them,  in  compounding  them  of 
monads,  which,  on  their  fyftem,  are  beings  endowed 
with  qualities  fo  eminent,  that  they  hefitate  not  to 
^ve  to  God  himfelf  the  denomination  of  monad. 

In  truth,  the  idea  of  a  divifion  which  may  be  con- 
tinued without  any  bounds,  contains  fo  little  of  the 
charafter  of  the  Deity,  that  it  rather  places  bodies  in 
a  rank  far  inferior  to  that  which  fpirits  and  our  fouls 
occupy ;  for  it  may  well  be  affirmed,  that  a  foul,  in 
its  effence,  is  infinitely  more  valuable  than  all  the 

bodies 
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bodies  in  the  world.  But,  on  the  fyftem  of  monads^ 
every  body,  even  the  vileft,  is  compounded  o£  a  vaft 
number  of  monads,  whofe  nature  has  a  great  refem- 
blance  to  that  of  our  fouls.  Each  monad  reprefents 
to  itfelf  the  whole  world  as  eafiiy  as  our  fouls ;  but, 
lay  they,  their  ideas  of  it  are  very  obfcure,  though 
we  have  already  clear,  and  fometimes  alfo  diftind, 
ideas  of  it. 

But  what  affurance  have  they  of  this  difference  ? 
Is  it  not  to  be  apprehended  that  the  monads  which 
compofe  the  pen  wherewith  I  am  writing,  may  have 
ideas  of  the  univerfe  much  clearer  than  thofe  of  my 
foul  ?  How  can  I  be  affured  of  the  contrary  ?  I  ought 
to  be  afliamed  to  employ  a  pen  in  conveying  my 
feeble  conceptions,  while  the  monads  of  which  it 
confifts  poffibly  conceive  much  more  fublimely ;  and 
you  might  have  greater  reafon  to  be  iatisfied,  fliould 
the  pen  commit  its  own  thoughts  to  paper,  inftead  of 
mine. 

In  the  fyftem  of  monads,  that  is  npt  neceffary ;  the 
foul  reprefents  to  itfelf,  beforehand,  by  its  inherent 
powers,  all  the  ideas  of  my  pen,  but  in  a  very  obfcure 
manner.  What  I  am  now  taking  the  liberty  to  fug- 
geft,  contributes  abfolutely  nothing  to  your  informa- 
tion. The  partifans  of  this  fyftem  have  demonft rated 
that  fimple  beings. cannot  exercife  the  flighteft  influ- 
ence on  each  other ;  and  your  own  foul  derives  from 
itfelf  what  I  have  been  endeavouring  to  convey,  with- 
out  my  having  any  concern  in  the  matter. 

Converfation,  reading  and  writing,  therefore,  are 
merely  chimerical  and  deceptive  formalities,  which 

illuiion 
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lUuiion  would  impofe  upon  us  as  the  means  of  ac- 
quiring and  extending  knowledge.  But  I  have  al- 
ready had  the  honour  of  pointing  out  to  you  the 
wonderful  confequences  refulting  from  the  fyftem  of 
the  pre-eftablifhed  harmony  ;  and  I  am  apprehenfive 
that  thefe  reveries  may  have  become  too  fevere  a 
trial  of  your  patience,  though  many  perfons  of  fupe- 
rior  illumination  confider  this  fyftem  as  the  moft 
fubUme  produdion  of  human  underftanding,  and  are 
incapable  of  mentionyig  it  but  with  the  moft  pro- 
found relped. 

I  flatter  myfdf  that  I  have  guarded  you  fufficiently 
againft  fuch  chimeras,  however  fedu<9ive  their  ap- 
pearance J  I  Ihould  be  forry,  at  the  fame  time,  to  have 
injured  in  your  good  opinion  a  confiderable  part  of 
our  modern  philofophers.  They  are,  for  the  moft: 
part,  extremely  innocent,  but  remain  obflinately  at- 
tached to  the  fyftem  which  at  firft  impofed  on  them, 
without  greatly  troubling  themfelves  about  the  ab- 
furd  confequences  which  flow  from  it. 

yith  May^  ijdl. 
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ft 

Elucidation  refpe6ling  the  Nature  of  Colours. 

T  AM  under  the  neceflity  of  acknowledging,  that 
-*-  the  ideas  refpe<EHng  colour,  which  I  have  already, 
taken  the  liberty  to  fuggeft,*  come  far  flxort  of  that 

♦  Vol.  I,    Letters  XXVII.  XXVIII.  and  XXXI. 

Vol..  II.  F  degree 
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dfegrec  oi  evidence  to  VC^hlch  1  Could  have  ^j^dllied  to 
durry  them.  This  fubjeft  has  hithierto  proved  z 
ftttinbKng-block  to  philcrfbphers,  and  I  ttuft  hot  flat- 
ter ttiyfelf  ^th  the  belief  that  I  am  able  to  clear  it  of 
eveiry  difficult5^  I  hope,  at  the  fame  time,  that  the 
duddatibris  which  I  am  going  to  fubmit  to  your  ex- 
amihatibn,  inay  go  far  toward  removing  a  confider- 
able  part  of  them. 

The  ahcient  philofophers  ranked  colours  among 
the  bodies  of  which  we  know  only  the  names.  When 
they  were  a&ed,  for  example,  why  fuch  a  body  was 
red,  they  anfwered,  it  was  in  virtue  of  a  quality 
which  made  it  appear  red.  You  muft  be  fenfible 
that  fuch  an  ahfwer  conveys  no  information,  and 
that  it  would  have  been  quite  as  xnuch  to  the  purpofe 
to  confels  ignorance. 

Def cartes y  who  fitft  had  the  courage  to  plunge 
into  the  myflcries  of  nature,  aftribes  colours  to  a 
certain  mixture  of  light  and  ihade,  which  h&  being 
nothing  elfe  but  a  want  of  light,  as  it  is  always  found 
where  the  light  does  not  penetrate,  muft  be  incapable 
of  producing  the  diflEcrent  cdiours  we  obfervc. 

Having  remarked  that  the  fenfations  of  the  organ 
of  fight  are  produced  by  the  rays  which  ftrike  that 
organ,  it  nece&rily  follows,  that  thofe  which  excite 
in  it  the  fenfation  of  red,  muft  be  of  quite  a  different 
xiiture  from  thdfe  whidh  produce  the  fenfatron  of  the 
other  colours ;  hence  it  is  eaiUy  comprehetided  that 
each  colour  is  attached  to  a  certain  quaKty  oiF  the 
rays  which  flxike  the  organ  of  vifion.    A  body  ap- 
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pears  to  us  red,  when  the  rays  which  it  emits  are  o£ 
a  nature  to  excite  in  our  eyes  the  fen£itioii  of  that 
colour* 

The  whole,  then,  refults  in  an  enquiry  into  the 
diffisrence  of  the  rays  which  variety  of  cc^urs  pro* 
duces.  This  difference  liiuft  be  great,  to  produce  £» 
many  particular  fen&tions  in  our  eyes.  But  whereiii 
can  it  confift  ?  This  is  the  great  queftion,  toward 
the  fokition  of  which  our  prefent  refearch  is  direded. 

The  firft  difference  between  rays  which  prefents 
kfelf  is,  that  fome  are  ftrcmger  than  others.  It  can* 
hot  be  doubted  that  ifkok  of  the  iun,  or  of  any  other 
body  very  brilliaHt,  or  very  powerfaUy  iUuimnated, 
muft  he  much  fironger  than  thofe  of  a  body  feebly 
illuminated,  or  endowed  with  a  fleader  degree  of 
fight}  ^ur  eyes  ^re  afiurecSy  ftruck  in  a  very  di&xient 
tnanner  by  the  one  and  by  the  other. 

He^de  it  might  be  inferred^  that  ^^Serent  cdours 
ttMt  from  the  fcfitce of  the  rays  <^  lig^^  fo  that  the 
Iftoft  powetM  rays  fliocdd  pi^odude^  for  esample^  red  j 
f hoie  which  are  k&  (0,  yeieiw  j  Md  ift  progresQum, 
peetii  mA  bhie. 

Btrt  there  is  dothitiig  more  e^fy  tltati  to  dverturm 
^k  fyfiem,  m  we  know  from  ea^rience  that  the 
£ittt€  ftody  atws^s  appears  to  be  of  th«  fame  cokrtir, 
be  k  le6  or  isicMre  Skifidnaeted,  or  whether  iu  rayi  fat 
fttoAg  or  heUs.  &  red  body^  fear  eitMai^e,  appeaii 
equally  red,  expofed  to  the  bri^eft  lii£b:e  of  fh«  fillip 
Md  in  the  Ibade^  where  the  rays  are  ^tumdf  &int. 
We  muftnot  tbenloditfor  the  caufe  cf  the  ^KflbrMci 
^  edo^r  k  the  difevetttdcgreis  «tf  Um  fo»Ci  of  fay* 

Fa  of 
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of  light,  it  beihg  poffible  to  reprefent  the  fame  colour 
as  well  by  very  forcible  as  by  very  faint  rays.  The 
feebleft  glimmering  ferves  equally  well  to  difcover  to 
us  diflFerence  of  colours,  as  the  brighteft  efiulgence, 
.  It  is  abfolutely  neceffary,  therefore,  that  there 
ihould  be  another  difierence  of  rays  difcover ed,  which 
may  charaderize  their  nature  relatively  to  the  dif- 
ferent colours.  You  will  undoubtedly  conclude,  that 
in  order  to  difcover  this  diflFerence,  we  muft  be  better 
acquainted  with  the  nature  of  luminous  rays ;  in 
other  words,  we  muft  know  what  it  is  that,  reaching 
our  eyes,  renders  bodies  vifible :  this  definition  of  a 
ray  muft  be  the  jufteft,  as  in  eflFed  it  is  nothing  elfc 
but  that  which  enters  into  the  eye  by  the  pupil,  and 
excites  the  fenlation  in  it. 

I  have  already  informed  you,  that  there  are  only 
two  fyftems  or  theories  whigh  pretend  to  explain  the 
origin  and  nature  of  rays  of  light.  The  one  is  that 
of  Newtonyv/ho  confiders  them  as  emanations  pro- 
ceeding from  the  fun  and  other  luminous  bodies ; 
and  the  other,  that  which  I  have  endeavoured  to  de- 
monftrate,  and  of  which  I  have  the  reputation  of 
being  the  authot,  though  others?  have  had  nearly  the 
iame  ideas  of  it.  Perhaps  I  may  have  fucceeded 
better  than  theiy,  in  carrying  it  to  a  higher  degree 
©f  evidatice.  It  will  be  of  importance,  then,  to  fliew, 
in. both  fyftems,  on  what  principle  the  diiSerence  of 
CK>lbui^  may  be  eftabliihed.  ' 

In  that  of  emanation,  which  fuppofes  the  rays  to 
iSut  from  luminous  bodies,  in  the  form  of  rivers,  or 
rather  of  fountains^  fpouting  out  a  fluid  in  all  direc« 
/>  ^  tions. 
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tions,  it  is.  alleged  that  the  partides  of  light  clifl[er  in 
iize  or  in  fubftance,  as  a  fountain  might  emit  wine, 
oil,  and  other  liquids ;  fo  that  the  different  colours 
are  occafioned  by  the  diverfity  of  the  fubtile  matter 
which  emanates  from  luminous  bodies.  Red  would 
be,  accordingly,  a  fubtile  matter  iffuing  from  the  lu- 
minous body,  and  fo  of  yellow  and  the  other  colours. 
This  explication  would  exhibit  clearly  enough  the 
origin  of  the  different  colours,  if  the  fyftem  itfelf  had 
a  folid  foundation.  I  fhall  enter  into  the  fubjed: 
more  at  large  in  my  ne^t  letter. 

zdjuncy  1761, 

LETTER  XIX. 

Rejle6lions  on  the  Analog  between  Colours  and  Sounds. 

YOU  will  be  pleafed  to  recoiled  the  objeftions  I 
offered  to  the  fyftem  of  the  emanation  of  light.* 
They  appear  to  me  fo  powerful,  as  completely  to 
overturn  that  fyftem.  I  have  accordingly  fucceeded 
in  my  endeavours  to  convince  certain  natural  philo- 
fophers  of  diftin£Hon,  and  they  have  embraced  my 
fentiments  of  the  fubjeft  with  expreflions  of  lingular 
fetisfaftion. 

Rays  of  light,  then,  are  not  an  emanation  from 

the  fun  and  other  luminous  bodies,  and  confift  not 

* 

of  a  fubtile  matter  emitted  forcibly  by  the  fun,  and 
tranfinitted  to  us  with  a  rapidity  which  may  well 

*  Vol.  I.    Letters  XVII.  and  XVIII. 
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£U  fdn  with  aflx»i(hffi€iit.  tf  the  rays  femploycd 
Anljr  eight  mirtwtep  in  thiiir  oourfc  from  the  fun  to^ 
wh  tib^  torr^jt  would  be  lerrible,  md  the  mais  of 
dpt  hiiMlii»ry9  however  ytftt  tnuft  fpcedUy  te  «»> 

JU^CHTiUng  to  my  fyftw^*  the  rays  <rf  the  fun,  of 
whi^h  we  h8;V€  i  ^Qmfihle  perception,  do  not  proceed 
iimnddiatdy  from  that  luminary  i  they  are  or^y  par-^ 
1^]^$  of  eth^r  floatbg  ground  us,  to  which  the  fun 
CIE^UIiiuniciLtes  nearer  and  nearer  a  motion  of  TibHra^ 
lion,  and  confequently  they  do  not  gready  change 
their  place  in  this  motion. 

This  propagation  of  light  is  performed  in  a  manner 
fimilar  to  that  of  found.  A  bell,  whofe  fOund  you 
hear,  by  no  means  emits  the  panicles  which  enter 
ypur  ears.  You  have  only  to  touch  it  when  ftrtfck^ 
to  be  affured  that  all  its  parts  are  in  a  very  fenfiblc 
agitation.  This  agitation  immediately  communicates 
kiHf  to  the  nmre  remote  partidies  of  nk^  fo  that  all 
receive  from  it  fucceffivdy  n  ^Similar  motion  of  vibra^ 
tion,  which,  reaching  the  ear^  excite  in  it  the  feniation 
ef  found.  The  ftrings  of  a  mu&cil  tnftrument  put 
the  matter  beyond  all  doiA^t ;  you  fee  them  tremble, 
go  and  come.  It  i^  even  poflible  to  determine  by 
calculation  how  often  in  a  fecond  each  firing  vibrates; 
and  this  agitation,  being  communicated  to  the  par- 
tides  of  air  adjacent  to  the  organ  of  hearing,  the  ear 
iaftruck  by  it  precifely  as  often  in  a  fecond.  It  is 
l3ie  perception  of  this  tremidous  agitation  which  con« 
ftitutes  the  Mture  erf  (bund.  The  greater  the  num- 
ber 
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her  of  vibrations^  produced  by  the  (faring  in  a  fbcond, 
the  higher  or  iharper  is  the  found.  Vibrations  Igis 
frequent  produce  lower  notes. 

We  find  the  drcumilances,  which  accompany  the 
ibniation  of  hearings  in  a  manner  perfedly  analogouSf 
in  that  of  fight. 

The  medium  only,  and  the  rapidity  of  the  vibra^ 
tions  differ.  In  foimd,  it  is  the  air  through  which 
the  vibrations  of  fonorous  bodies  are  tranfinitted* 
But  with  refped  to  lights  it  is  the.  ether,  or  that  me- 
dium incomparably  more  fubtile  and  more  elafiif 
than  air,  which  is  univer&lly  difiufed  wherever  the 
air  and  grc^r  bodies  leave  interftices. 

As  often  then  as  this  ether  is  put  into  a  flate  of 
vibration,  and  is  tranfmitted  to  the  eye,  it  excites  in 
it  the  fentiment  of  vifion^which  is,inthat  cafe,nothing 
but  a  fimilar  tremulous  motion,  whereby  the  imaU 
nervous  fibres  at  the  bottom  of  the  eye  are  agitated. 

You  eafily  comprehend,  that  the  fenfation  muft  be 
different,  according  as  this  tremulous  a^tation  is 
more  or  lefs  Sequent ;  or  according  as  the  number 
of  vibrations  performed  in  a  fecond  is  greater  or  lefs. 
Hence  there  mufl  refult  a  difierence  fimilar  to  th^t 
which  takes  place  in  founds,  when  the  vibrations  are 
more  or  lefs  frequent.  This  difference  is  clearly  per« 
ceptible  by  the  ear,  as  the  character  of  founds  in  re;« 
fpeft  of  flat  and  fliarp  depends  on  it.  You  will  re- 
coiled that  the  note  marked  C  in  the  harpficord  per-* 
forms  about  i  oo  vibrations  in  a  fecond  i  note  D  1 1 2  } 
not^E  125}  noteF  133;  note  G  150^  ^ote  A  166; 
nole  B  liji  aAd  opte  C  200.    J]i\^  the  tOJtmc  g£ 

F4  fovnda. 
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founds  depends  on  the  number  of  vibrations  per- 
formed in  a  fecond. 

It  cannot  be  doubted  that  the  fenfe  of  feeing  may 
be  likewife  differently  affefted,  according  as  the  num- 
ber of  vibrations  of  the  nervous  fibres  of  the  bottom 
of  the  eye  is  greater  or  lefs.  When  thefe  fibres  vi- 
brate I  ooo  times  in  a  fecond,  the  fenfation  muft  be 
quite  different  from  what  it  would  be,  did  they  vi- 
brate 1 200  or  1500  times  in  the  fame  fpace. 

True  it  is  that  the  organ  of  vifion  is  not  in  a  con- 
dition to  reckon  numbers  fo  great,  ftill  lefs  than  the 
car  is  to  reckon  the  vibrations  wKich  conftitute  found ; 
but  it  is  always  in  our  power  to  diftihguifli  between 
the  greater  and  the  lefs. 

In  this  difference,  therefore,  we  muft  look  for  the 
caufe  of  difference  of  colour ;  and  it  is  certain  that 
each  of  them  correfponds  to  a  certain  number  of  vi- 
brations, by  which  the  fibres  of  our  eyes  are  ftruck  in 
a  fecond,  though  we  are  not  as  yet  in  a  condition  to 
determine  the  number  correfponding  to  each  parti- 
cular colour,  as  we  can  do  with  refpeft  to  founds. 

Much  refearch  mjift  have  been  employed  before  it' 
was  poffible  to  afcertain  the  numbers  correfponding 
to  all  the  notes  of  the  harpfichord,  though  there  was 
an  antecedent  conviftion  that  their  difference  was 
founded  on  the  diverfity  of  thofe  numbers.  Our 
knowledge  refpeding  thefe  objefts  is  neverthelefs 
confiderably  advanced,  from  our  being  affur^ed  that 
there  prevails  a  harmony  fo  delightful  between  the 
different  notes  of  the  harpfichord  and  the  different 
colours ;  and  that  the  drcumftances  of  the  one  ferve 
'  -      ■  to 
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to  elucidate  thofe  of  the  other.  This  analogy  ac- 
cordingly furniflies  the  moft  convincing  proofs  in 
fupport  of  my  fyftem.  But  I  have  reafons  ftill  more 
folid  to  adduce,  which  will  fecuref  it  from  every  at- 
tack. 

6tb  JuuCf   1 76 1. 

LETTER    XX. 

Continuation. 

NOTHING  is  more  adapted  to  the  communica- 
tion of  knowledge  refpefting  the  nature  of 
vifion,  than  the  analogy  difcoverable,  almoft  in  every 
particular,  between  it  and  the  hearing.    Colours  are 
to  the  eye  what  founds  are  to  the  ear.     They  differ 
from  each  other  as  flat  and  fliarp  notes  differ.    Now 
we  know  that  flat  and  fliarp  in  founds  depends  on 
the  number  of  vibrations  whereby  the  organ  of  hear- 
ing is  ftruck  in  a  given  time,  and  that  the  nature  of 
each  is  determined  by  a  certain  number  which  marks 
the  vibrations  performed  in  a  fecond.     From  this  I 
conclude,  that  each  colour  is  likewife  reftricled  to  a 
number  of  vibrations,  which  aft  on  vifion ;  with 
this  difference,  that  the  vibrations  which  produce 
found  refide  in  grofs  air,  whereas  thofe  of  light  and 
colours  are  tranfmitted  through  a  medium  incompa- 
rably more  fubtile  and  elaftic.    The  fame  thing  holds 
as  to  the  objefts  of  both  fenfes.     Thofe  of  hearing 
are  all  of  them  bodies  adapted  to  the  tranfmiflion  of 
found,  that  is  fufceptiWe  of  a  motion  of  vibration. 
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or  of  a  tremulous  agitation,  which,  communicating 
itielf  to  the  air,  excites  in  the  organ  the  feniation 
of  a  found  correQ)onding  to  the  rapidity  of  the  vi« 
brations. 

Such  are  all  mufical  inftruments ;  and,  to  confine 
myfelf  principally  to  the  harpfichord,  we  afcribe  to 
each  firing  a  certahi  found  which  it  produces  when 
firuck.  Thus  one  firing  is  named  C,  another  D, 
and  fo  on.  A  firing  is  named  C,  when  its  firu6hxre 
and  tenfion  are  fuch,  that  being  ftruck,  it  produces 
:^bout  I  GO  vibrations  in  a  fecondj  and  if  it  produced 
hSk  or  more  in  the  fame  time,  it  would  have  the 
liame  of  a  different  note,  higher  or  lower* 

You  will  pleafe  to  recoiled,  that  the  found  of  a 
firing  depends  on  three  things,  its  length,  its  thick* 
nje{3,  and  the  degree  of  tenfion ;  the  more  it  is 
ftretched,'  the  fliarper  its  ibund  becomes:  and  as  long 
a^  it  preferves  the  fame  diQ>ofition,  it  emits  the  fame 
found ;  but  that  changes  as  foon  as  the  other  undi^« 
goes  any  variaticHi. 

Let  us  apply  this  to  bodies  which  are  the  obje& 
of  vifion.  The  nunuter  particles  which  compose  the 
tifliie  of  their  furfice,  may  be  confidered  as  firings 
difiended,  in  as  much  as  they  are  endowed  with  a 
certain  degree  of  dafiicity  and  bulk,  fo  that  being 
ftruck  they  acquire  a  motion  of  vibration,  of  which 
they  will  finifix  a  certain  number  in  a  fecond :  and 
pn  this  number  depends  the  colour  which  we  afcribe 
to  fuch  body.  It  is  red,  when  the  particles  of  it? 
furface  have  fuch  a  degree  of  tenfion,  that  being  agi- 
tated, they  perform  precifely  fi>  many  vibrations  in 

a  fecond 
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ft  fecond  as  are  ncce£&ry  to  excite  in  m  tlie  fenfation 
of  that  colour.  A  degree  of  tenfion  which  would 
produce  vibrations  more  or  le&  rapid,  would  excite 
that  of  a  di&rent  colour,  and  then  the  body  would 
be  yellow,  green,  or  blue,  &c. 

We  have  not  as  yet  acquired  the  ability  of  afiign- 
ing  to  each  colour  the  number  of  vibrations  which 
coniUtute  its  eflence ;  we  do  not  fo  much  as  know 
which  are  the  odours  that  require  a  greater  or  left 
rapidity  of.  vibration^  or  rather,  it  is  not  yet  deter* 
mined  what  coloujrs  correfpond  witli  high  or  low 
notes.  It  is  fufficient  to  know,  that  each  colour  is 
attached  to  a  certain  i^umber  of  vibrations,  though 
it  has  not  hitherto  been  afcertained ;  and  that  you 
have  only  to  change  the  tendon  or  elafticity  of  the 
particles  which  form  the  furface  of  a  body,  to  make 
it  change  colour. 

We  fee  that  the  moft  beautiful  colours  in  flowers 
quickly  change  and  diiai^ar,  from  a  failure  of  the 
j^utridve  juices :  and  becaufe  their  particles  Igfe  their 
vigour  Of  their  teniion.  This  too  is  oUervable  in 
every  other  change  of  cokmr. 

To  place  this  in  a  cleajrer  light,  let  us  fiippoie  that 
the  fcnfation  of  red  requires  fuch  a  rapidity  of  vi- 
bration, that  1000  are  performed  in  a  iecond;  that 
orange  require  11 25,  yellow  1250,  green  I333»  blue 
1500,  and  violet  1666,  Though  thefe  numbers  are 
only  fi^HHrfcd,  this  aflfetas  not  the  objeft  I  have  in 
view.  What  I  iay  as  to  thefe  numbers,  will  a,pply 
ki  like  manner  to  the  really  corPftTpondiiig  nujwbers, 
if  ever  they  »re  difijovespcd^    . 

A  body. 
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A  body,  then,  will  be  red,  when  the  particles  of 
its  furface  put  in  vibration,  complete  looo  in  a  fe- 
cond  }  another  body  will  be  orange,  when  difpofcd 
fo  as  to  complete  1 1 25  in  a  fecond,  and  fo  on.  Hence 
it  is  obvious  that  there  muft  be  an  endlefs  variety  of 
intermediate  colours,  between  the  fix  principal  which 
I  have  mentioned ;  and  it  is  likewife  evident,  if  the 
particles  of  a  body  being  agitated  Ihould  perform 
1400  vibrations  in  a  fecond,  it  would  be  of  an  in- 
termediate colour  between  green  and  blue ;  green 
correfponding  to  number  1333,  and  blue  to  1500* 

^thjuncy  1 76 1. 
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How  opaque  Bodies  are  rendered  vijtble. 

YOU  win  find  no  difficulty  in  the  definition  I 
have  been  giving  of  coloured  bodies*  The 
particles  of  their  furface  are  always  endowed  with 
a  certain  degree  of  elafticity,  which  renders  them 
fufceptible  of  a  motion  of  vibration,  as  a  firing  is 
always  fufceptible  of  a  certain  found ;  and  it  is  the 
number  of  vibrations  which  thlefe  particles  are  ca- 
pable of  making  in  a  fecond,  which  determines  the 
Ipecies  of  colour. 

If  the  particles  of  the  furface  have  not  elafticity 
fufficient  to  admit  of  fuch  agitation,  the  body  muft 
be  black,  this  colour  being  nothing  elfe  but  a  de- 
privation of  light,  and  all  bodies  from  which  no  rays 
are  tranfmitted  to  our  eyes  appearing  black. 

I  now 
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I  now  come  to  a  very  important  qudlion,  refped:« 
ing  which  fome  doubts  may  be  entertained.  It  may 
be  aiked.  What  is  the  caufe  of  the  motion  of  vibra* 
tion  which  conftitutes  the  colours  of  bodies  ? 

Into  the  difcovery  of  thi^  indeed  the  whole  is  re* 
folved ;  for  as  foon  as  the  particles  of  bodies  Ihall 
be  put  in  motion,  the  ether  difiufed  through  the  air 
will  immediately  receive  a  fimilar  agitation,  which^ 
continued  to  our  eyes,  conftitutes  there  that  which 
we  call  rays,  from  which  vifion  proceeds. 

I  remark,  firft,  that  the  particles  of  bodies  are 
not  put  in  motion  by  an  internal,  but  an  external 
power,  juft  as  a  firing  diftended  would  remain  for 
ever  at  reft,,  were  it  not  put  in  motion  by  fome  ex- 
ternal force.  Such  is  the  cafe  qf  all  bodies  in  the 
dark ;  for,  as  we  fee  them  not,  it  is  a  certain  proof 
that  they  emit  no  rays,  and  that  their  particles  are 
at  reft.  In  oth^r  w:prds,  during  the  night,  bodies 
a^e  in  the  fame  ftate  with  the  ftrings  of  an  inftru- 
ment  that  is  not  touched,  and  which  emit  no  found; 
whereas  bodies  rendered  vifible  may  be  compared  to 
ftrings  which  emit  found. 

.  And  as  bodies  become  vifible  as  foon  as  they  are 
illuminated,  that  is  ^s  foon  as  the  rays  of  the  fun,  or 
of  fome  other  luminous  body,  fall  upon  them,  it 
muft  follow,  that  the  fame  caufe  which  illuminates, 
them,  muft_  excite  their  particles  to  generate  rays,, 
and  to  produce  in  our  eyes  the  fenfation  of  vifioi[i,. 
The  rays  of  lights  then,^  falling  upon  a  body,  put  it$ 
particles  into  a  ftate  of  vibration. 

This  appears  at  firft  furprizing,  becaufe  on  cx*- 

pofing 
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ffofiivg  otir  hafkls  to  the  ftrongdl  light,  no  fenfible 
lan^eflion  ib  made  on  them.  It  is  to  be  caiifi<tered9 
that  the  fen^  of  touch  is  in  Ui  too  grofs  to  perceire 
thefe  fubtile  and  flight  impreffioni^,  but  that  the  ie&ie 
of  fighti  incomparably  more  ddicate,  id  powerfully 
pSe&^  by  them  J  this  fiorniiheg  an  inconteftabk 
proof  that  the  ray»  of  fight  which  fall  opon  a  body 
pc^Seft  fiifficient  fc»'ce  to  a£t  vpon  the  numiter  par- 
tides,  and  to  eommunicate  to  diem  a  tremulous  a^ 
tation.  And  in  this  precifely  confiftg  the  a&icm  ne» 
Ceffary  to  expiain  h(yw  bodies,  when  iSuminated,  are. 
put  in  a  condition  themielve^  to  produce  rays,  by 
means  df  which  they  become  vifible  to  us«  It  is  fiif* 
ficient  that  bodiei^  fliould  be  himinous  or  expoied  to 
the  lights  in  order  to  tlte  agitation  of  their  partides^ 
and  thereby  to  their  producing  thentfdves  rays  which 
tender  them  vifiMe  to  u^ 

The  perfed  analogy  betwe^  hearing  and  fight, 
gtv^  to  this  ei^pknation  the  higheft  degree  of  pro- 
b^A^ifity.  Let  a  Iiarpiicbord  be  €Xpofed  to  a  great 
lioife,  and  you  wiB  fee  that  not  only  the  firings  in 
general  are  put  into  a  ftate  of  vibraticm,  but  you  wifl 
hear  the  found  of  each,  rimoft  as  if  it  weitf  adually 
touched.  The  mechanHm  of  fins  plien€»)«»on  is^ 
eafily  comprehended,  as  foon  as  it  is  known  that  a 
ftfing  agitated  is  capable  of  commuiricating  to  the 
sdr  the  fame  motion  of  vibration  which,  tranfinitted 
to  the  ear,  excites  in  it  the  fcnCftion  of  the  found 
ft^ich  that  fame  firing  emits. 

Now  as  a  firing  produces  in  the  air  fuch  a  motion,i 
it  fbllot^s,  that  the  air  tcdlprocsdfya^  oti  the  firing,. 

and 
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and  gives  it  a  tremulous  motion.  And  as  a  noife  isi 
capable  of  putting  in  motion  the  firings  c^  a  harp« 
fichord^and  of  extrading  founds  from  them,  the  fame 
thing  muft  take  place  in  the  obje^  of  vifion. 

Cdoured  bodies  are  fimilar  to  the  firings  of  a 
hatpfichord,  and  the  different  cdiours  to  the  different 
notes,  in  refpeft  of  high  and  low.  The  light  which 
hSs  on  thefe  bocfies,  bdng  analogous  to  the  noife  to 
which  the  harpfichord  is  expofed,  ads  on  the  particles 
ef  their  (urface,  as  that  noife  ads  on  the  firings  of 
the  harpfichord,  and  thdfe  parddes  thus  put  in  'dbra'^ 
tion,  wiH  produce  the  rays  which  fiiall  render  the 
body  vifible. 

This  dhiddation  feems  to  me  fuffident  to  diflipate 
every  doubt  relating  to.  my  theory  of  colours.  I 
flatter  myfelf  at  leaft,  that  I  Jiave  eftablifiied  the  true 
prindple  of  231  colours,  as  well  as  explained  how  they 
become  vifible  to  us  only  by  the  light  whereby  bodies 
are  iDuminated,  unlefs  fuch  doubts  turn  upon  fome 
other  point  winch  I  have  not  touched  upon. 
%ybjit»^  1761. 


LETTER  XXU- 

The  Wonders  of  the  Human  Voice • 

TN  explainmg  the  theory  of  founds,  I  confidcred 
^  only  two  refpeds  in  which  founds  could  differ : 
the  one  regarded  the  force  of  found,  and  I  remarked 
that  it  is  greater  in  proportion  as  the  vibrations  ^x« 
cited  in  the  air  sore  more  violent.  Thus  the  noife  of 
%  a  difcharge 
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^  difcharge  of  cannon,  or  the  ringing  of  a  bell,  has 
more  force  than  that  of  a  firing,  or  of  the  human 
voice. 

The  other  difference  of  founds  is  totally  indepen- 
dent of  this,  and  refers  to  flat  and  fharp,  according 
to  whiph  we  fay  fome  are  low  and  others  high.  My 
remark  relatively  to  this  difference,  made  it  to  de- 
pend on  the  number  of  vibrations  completed  in  a 
certain  given  time,  fay  a  fecond  j  fo  that  the  greater 
fuch  number  is,  the  higher  or  ftiarper  is  the  found, 
and  the  fmaller  it  is,  the  found  is  lower  or  flatter. 

You  can  eafily  comprehend  how  the  fame  note 
may  be  either  flrong  or  faint ;  accordingly  we  fee 
that  the  forte  and  piano  employed  by  muficians, 
change  in  no  refpecl  the  nature  of  founds.  Among 
the  good  qualities  of  a  harpfichord,  it  is  required  that 
all  the  notes  fhould  have  nearly  the  fame  degree  of 
ftrength,  and  it  is  always  conlidered  as  a  great  fault 
when  fome  of  th©  firings  are  wound  up  to  a  greater 
degree  of  force  than  the  refl.  Now  the  flat  and  the 
{harp  are  referable  only  to  the  fimple  founds,  whofe 
vibrations  follow  regularly,  and  at  equal  intervals ; 
and,  in  mufic,  we  employ  only  thofe  founds  which 
are  denominated  fimple.^  Accords  are  compound 
founds,  or  the  concourfe  of  feveral  produced  at  once, 
among  the  vibrations  of  which  a  certain  order  mufl 
predominate,  which  is  the  foundation  of  harmony. 
But  when  no  relation  among  the  vibrations  is  per- 
ceptible, it  is  a  confufed  noife,  with  which  it  is  im- 
poflible  to  fay  what  note  of  the  harpfichord  is  in  tune, 
fuch  as  the  report  of  a  cannon  or  mufket. 

There 
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There  is  ftill  another  remarkable  difference  among 
the  fimple  founds,  which  feems  to  have  efcaped  the 
attention  of  philofophers.  Two  founds  may  be  of 
equal  force,  and  in  accord  with  the  feme  note  of 
the  harpfichord,  and  yet  very  different  to  the  ear. 
The  fouijd  of  a  flute  is  totally  different  from  that  of 
the  French-horn,  though  both  may  be  in  tune  with 
the  fame  note  of  the  harpfichord,  and  equally  ftrong ; 
each  found  derives  a  certain  peculiarity  from  the  in-  ' 
ftrument  which  emits  it,  but  it  is  impoffible  to  de- 
fcribe  wherein  this  confifts ;  the  fame  firing  too  emits 
different  founds  according  as  it  is  ftruck,  touched  or 
pinched.  You  can  eafily  diftinguifli  the^  found  of 
the  horn,  the  flute,  and  other  mufical  inftruments* 

The  moft  wonderful  diverfity,  to  fay  nothing  of 
the  variety  of  articulation  in  fpeech,  is  obfervable  in 
the  human  voice,  that  aftonifliing  mafter-piece  of 
the  Creator*  Refleft  but  for  a  moment  on  the  dif- 
ferent vowels  which  the  mouth  fimply  pronounce^ 
or  fings.  When  the  vowel  a  is  pronounced  or  fung^ 
the  found  is  quite  different  from  that  of  e,  /,  o,  u,  or 
ai  pronounced  or  fung,  though  on  the  fame  tone. 
We  muft  not,  then,  look  for  the  reafon  of  this  dif- 
ference in  the  rapidity  or  order  of  the  vibrations ; 
no  inveftigation  of  philofophers  has  hitherto  un- 
folded this  myftery. 

You  muft  be  perfeftly  fenfible,  that  in  order  to 
utter  thefe  different  vowels,  a  different  "conformation 
muft  be  given  to  the  cavity  of  the  mouth,  and  that 
in  man  the  organization  of  this  part  is  much  better 
adapted  to  produce  thefe  effeds,  than  that  of  ani- 
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inals.  We  find  accordingly,  that  certain  birds  which 
learn  to  imitate  the  human  voic^,  are  never  capMc 
of  diftindly  pronouncing  the  different  vowels  j  the 
imitation  is,  at  beft,  extremely  imperfeft. 

In  many  organs  there  is  a  ftop  which  bears  the 
name  of  the  human  voice ;  it  ufually,  however,  con- 
tains only  the  notes  which  exprefs  the  vocal  founds 
ai  or  ae.  I  have  no  doubt,  that  with  fome  change 
it  might  be  poflible  to  produce  likewife  the  other 
vocal  founds  a,  e,  i,  a,  u^  ou ;  but  even  this  would 
not  be  fuificient  to  imitate  a  fingle  word  of  the  hu*- 
man  voice;  how  combine  them  with  the  confonants, 
which  are  fo  many  modifications  of  the  vowels  ?  We 
are  fo  conformed,  that,  however  common  the  prac- 
tice, it  b  almoft  impofiiUe  to  trace  and  explain  the 
real  mechanifm. 

We  diftinftly  obferve  three  organs  employed  in 
exprefling  the  confonants,  the  lips»  the  tongue,  an4 
the  palate ;  but  the  nofe  Hkewife  eflentially  concurs. 
On  ftopping  it,  we  beconie  incapable  of  pronouncing 
the  letters  m  and  n  j  the  found  of  b  and  d  only  is 
then  to  be  heard.  A  ftriking  proof  of  the  marvel- 
lous ftrudhire  of  our  mouth  for  the  pronunciation 
of  the  letters  undoubtedly  is,  that  all  the  fkill  of  man 
has  not  hitherto  been  capable  of  producing  a  piece 
of  mechanifm  that  could  imitate  it.  The  fong  has 
been  exaftly  imitated,  but  A^ithout  any  articulation 
of  founds,  and  without  diftinftion  of  the  different 
vowels. 

The  conftfudion  of  a-machine  capable  of  exprefling 
founds,  with  all  the  articulations^  would  no  doubt  be 
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a  very  important  difcovery.  Were  it  poflible  to  exe- 
cute fuch  a  piece  of  mechanifin,  and  bring  it  to  fuch 
perfection,  that  it  could  pronounce  all  words,  by 
means  of  certain  flops,  like  thofe  of  an  organ  or 
harpfichord, every  one  would  be  furprized,  and  juftly^ 
to  hear  a  machine  pronounce  whole  difcourfes  or 
fermons  together,  with  the  moft  graceful  accompa- 
niments. Preachers  and  other  orators,  whofe  voice 
is  either  too  weak  or  difagreeable,  might  play  their 
fermons  or  orations  on  fuch  a  machine,  as  organifls 
do  pieces  of  mufic.  The  thing  does  not  feem  to  mc 
impoilible. 
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A  Summary  of  the  principal  Phenomena  of  Ele6lricity. 

THE  fubjeft  which  I  am  now  going  to  recom- 
mend to  your  attention  .almoft  terrifies  me. 
The  variety  it  prefents  is  immenfe,  and  the  enume- 
ration of  fafts  ferves  rather  to  confound  than  to  in- 
form.  The  fubjeft  I  mean  is  Eleftricity,  which,  for 
fome  time  paft,  has  become  an  obje<9:  of  fuch  im- 
portance in  phyfics,  that  every  one  is  fuppofed  to  be 
acquainted  with  its  efiefts. 

You  muft  undoubtedly  have  frequently  heard  it 
mentioned  in  converfation ;  but  I  know  not  whe- 
ther you  have  ever  witneffed  any  of  ithe  experiments. 
Natural  philofophers  of  modern  times  profecute  the 
ftudy  of  it  with  ardour,  and  are  almoft  every  day 
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difcovering  new  phenomena,  the  defcription  of  which 
would  employ  many  hundreds  of  letters ;  nay,  per- 
haps, I  fliould  never  have  done^ 
•  And  here  it  is  I  am  efmbarraffed.  1  could  not 
bear  to  think  of  letting  you  remain  unacquainted 
with  a  branch  of  natural  philofophy  fo  efl'ential  j  but 
I  would  willingly  feve  you  the  fatigue  of  wading 
through  a  diffufe  detail  of  the  phenomena^  which  ^ 
after  all,  wduld  not  fiirnilh  the  necefiary  information. 
I  flatter  myfelf ,  however,  that  I  have  difcovered  a 
road  which  will  lead  fo  diredly  to  the  objeft,  that 
you  fliall  attain  a  knowledge  of  it  much  more  per- 
fed  than  that  of  moft  natural  philofophers,  who  de- 
vote night  and  day  to  the  inveftigation  of  thefe  myf- 
teries  of  nature. 

Without  flopping  to  explain  the  various  appear- 
ances and  effects  of  eleftricity,  which  would  engage 
me  in  a  long  and  tedious  detail,  without  extending 
your  knowledge  of  the  caufes  which  produce  thefe 
effects,  I  fliall  purfue  quite  a  different  courfe,  and 
begin  with  unfolding  the  true  principle  of  nature  on 
which  all  thefe  phenomena  are  founded,  however 
various  they  may  appear,  and  from  which  they  are 
all  ealily  deducible. 

It  is  fufficient  to  remark,  in  general,  that  ncleftri- 
city  is  excited  by  the  friction  of  a  glafs  tube.  It 
-thereby  becomes  eledtrical :  and  then  it  alternately 
attracts  and  repels  light  bodies  which  are  applied  tp 
it,  and  on  tlie  application  of  other  bodies,  fparks  of 
fire  are  mutually  extrafted,  which,  increafed  in 
ftrength,  kindle  fpirits  of  wine  and  other  combuftible 
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fubftances.  On  touching  fuch  tube  with  the  finger, 
you  feel,  befide  the  fpark,  a  puncture  which  may, 
in  certain  circumftances,  be  rendered  fo  acute  as  to 
produce  a  commotion  through  the  whole  body. 

Inftead  of  a  tube  of  glafs,  we  likewife  employ  a 
globe  of  the  fame,  which  is  made  to  turn  round  an 
axis,  like  a  turning-wheel.  During  this  motion  it 
is  rubbed  with  the  hand,  or  with  a  cufliion  applied 
to  it ;  then  the  globe  becomes  eleftric,  and  produces 
the  fame  phenomena  as  the  tube. 

Befides  glafs,  refinous  bodies,  fuch  as  Spanifli  wax 
and  fulphur,  likewife  poffefs  the  property  of  becom- 
ing eleftric  by  fridion ;  but  cert^n  fpecies  of  bodies 
only  have  this  quality,  of  which  glafs,  fealing-wax, 
and  fulphur,  are  the  prinopal. 

With  no  efiid  do  other  bodies  undergo  fridion  $ 
no  fign  of  ele6fa:icity  appears :  but  on  applying  them 
to  the  firft,  when  rendered  elecfaric,  they  immediately 
acquire  the  fame  property.  They  become  eleftric, 
then,  by  communication,  as  the  touch,  and  frequenjtly 
the  approximation  only,  of  file<^ic  bodies,  renders 
them  fuch. 

All  bodies,  therefore,  are  divifible  into  two  claffes ; 
in  the  one  are  included  fuch  as  become  eleftric  by 
friftion,  in  the  other  thofe  which  are  rendered  fuch 
by  commi^pication,  whereas  friftion  produces  no 
manner  of  effed  on  them.  It  is  very  remarkable, 
that  bodies  of  the  firft  dafs  receive  no  electricity  from 
communication :  when  yoij  apply  to  a  tube  or  globe 
.  of  glafe  ftrongly  eledrified,  ofhejr  glafles,  or  bodies, 
which  fridion  renders  eledric,  this  touch  commu- 
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nicates  no  electricity  to  them.  The  diftinftion  of 
thefe  two  claffes  of  bodies  is  worthy  of  attention, 
the  one  clafs  being  difpofed  to  become  eleftrical  by 
friftion  only,  and  not  by  communication,  the  other, 
on  the  contrary,  only  by  communication. 

All  metals  belong  to  this  laft  clafs,and  the  commu* 
nication  extends  fo  far,  that  on  prefenting  one  extre- 
mity of  a  wire  to  an  electric  body,  the  other  ex- 
tremity becomes  fo  likewife,  be  the  wire  ever  fo 
.long ;  and  on  applying  ftill  another  wire  to  the  far- 
ther extremity  of  the  firft,  the  eleftricity  is  conveyed 
through  the  whole  extent  of  that  fecond  thread,  and 
thus  eleftricity  may  be  tranfmitted  to  the  moft  re- 
mote diftances,  • 

Water  is  a  fubftance  which  receives  eleftricity  by 
communication.  Large  pools  have  been  eleftrified 
to  fuch  a  degree,  that  an  application  of  the  finger 
has  elicited  fparks,  and  excited  pain. 

The  prevailing  perfuafion  now  is,  that  lightning 
and  thunder  are  the  efFe6t  of  the  eleftricity  which 
the  clouds  acquire,  from  whatever  caufe.  A  thun- 
der ftorm  exhibits  the  fame  phenomena  of  eleftricity, 
on  the  great  fcale,  which  the  experiments  of  natural 
philofophers  do  in  miniature. 
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LETTER    XXIV. 

The  true  Principle  of  Nature^  on  which  are  founded  all 

the  Phenomena  of  Eleilricity. 

THE  fummary  I  have  exhibited  of  the  principal 
phenomena  of  eleftriclty,  has  no  doubt  excited 
a  curiofity  to  know  what  occult  powers  of  nature 
are  capable  of  producing  effefts  fo  furprizing. 

The  greateft  part  of  natural  philofophers  acknow- 
ledge their  ignorance  in  this  refpeft.  They  appear 
to  be  fo  dazzled  by  the  endleis  variety  of  phenomena 
which  every  day  prefent  themfelves,  and  by  the  An- 
gularly marvellous  circumftances  which  accompany 
thefe  phenomena,  that  they  are  difcouraged  from 
attempting  an  inveftigation  of  the  true  caufe  of  them. 
They  readily  admit  the  exiftence  of  a  fubtile  matter, 
which  is  the  primary  agent  in  the  production  of  the 
phenomena,  and  which  they  denominate  the  eleftric 
fluid ;  but  they  are,  fo  embarrafled  about  determin- 
ing its  nature  and  properties,  that  this  important 
branch  of  phyfics  is  rendered  only  more  perplexed 
by  their  refearches. 

There  is  no  room  to  doubt,  that  we  muft  look 
for  the  fource  of  all  the  phenomena  of  eleftricity 
only  in  a  certain  fluid  and  fubtile  matter ;  but  we 
have  no  need  to  go  to  the  regions  of  imagination  in 
queft  of  it.  That  fubtile  matter  denominated  ether j 
whofe  reality  I  have  already  endeavoured  to  demon- 
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Urate,*  is  fuiEcient  very  naturally  to  explain  all  the 
furprizing  effects  which  eleftricity  prefents,  I  hope 
I  fhall  be  able  to  fet  this  in  fo  clear  a  light,  that  you 
fhall  be  able  to  account  for  every  eledrical  pheno- 
menon, however  flrange  an.  appearance  it  may  ^- 
fume. 

The  great  requifite  is  to  have  a  thorough  know- 
ledge of  the  nature  of  ether.  The  air  which  we 
breathe  rifes  only  to  a  certain  height  above  the  fur- 
face  pf  the  earth  j  the  higher  you  afceud,  the  more 
fubtile  it  becomes,  and  at  Jafl  it  entirely  ceafes.  We 
muft  not  affirm,  that  beyond  the  region  of  the  air 
there  is  a  perfect  vacuum,  which  occupies  the  im- 
menfe  fpace  in  which  the  heavenly  bodies  ?'eyolye« 
The  rays  of  Hght  which  are  diffufed  in  all  direftions 
from  thefe  heavenly  bodies,  fufficiently  demonflrate 
that  thqfe  vaft  fpaces  are  filled  with  a  fubtile  matter* 

If  the  rays  of  light  are  emanations  forcibly  pro- 
jeded  from  luminous  bodies,  as  fome  philofophers 
have  maintained,  it  muft  follow,  that  the  whole  fpace 
of  the  heavens  is  filled  with  thefe  rays,  nay  that  they 
move  through  it  with  incredible  rapidity.  You 
have  only  to  recollect  the  prodigious  velocity  with 
which  the  rays  of  the  fun  are  tranfmitted  to  us.  On 
this  hypothefis,  not  only  would  there  be  no  vacuum, 
but  all  fpace  would  be  filled  with  a  fubtile  matter, 
and  that  in  a  ftate  of  conftant  and  moft  dreadful 
agitation. 

But  I  think  I  have  clearly  proved,  that  rays  of 
light  are  np  more  emanations  projected  from  lumi- 

*  Vol.  I.    Letter  XV. 
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nous  boi^es,  than  found  is  from  fonorous  bodies.  It 
is  much  more  certain,  that  rays  of  light  are  nothing 
elfe  but  a  tremulous  motion  or  agitation  of  a  fubtile 
matter,  juft  as  found  confifts  of  a  fimilar  agitation 
excited  in  the  air.  And  as  found  is  produced  aiid 
tranfinitted  by  the  air,  light  is  produced  and  tranf- 
mitted  by  that  matter,  incomparably  more  fubtile, 
denominated  ether,  which  confequently  fills  the  im- 
menfe  fpace  between  the  heavenly  bodies. 

Ether  then  is  a  rtiedium  proper  for  the  tranfknif- 
fion  of  rays  of  light,  and  this  fame  quality  puts  us  in 
a  conditioil  to  extend  our  knowledge  of  its  nature 
and  properties.  We  have  only  to  reflect  on  the 
properties  of  kir,  which  render  it  adapted  to  the  riSf 
ception  and  tranfmiflion  of  found.  The  principal 
caufe  i§  its  elafticity  or  fpring.  You  know  that  air 
has  a  power  of  expanding  itfelf  in  all  direftions,  and 
that  it  does  expand,  the  inftant  that  obftacles  are  re- 
moved. The  air  is  never  at  reft,  but  when  its  elaf- 
ticity is  every  where  the  fame ;  whenever  it  is  greater 
in  one  place  than  another,  the  air  immediately  ex- 
pands. We  likewife  difcover  by  experiment,  that 
the  more  the  air  is  compreffed,  the  more  its  elafti- 
city increafes :  hence  the  force  of  air-guns,  in  which 
the  air,  being  very  ftrongly  compreffed,  is  capable 
of  difcharging  the  ball  with  aftonilhing  velocity.  The 
contrary  takes  place  when,  the  air  is  rarefied :  its 
elaflicity  becomes  lefs  in  proportion  as  it  is  more  ra- 
refied, or  diffufed  over  a  larger  fpace? 

On  the  elafticity  of  the  air,  then,  relative  to  its 
denfity,.  depends  the  velocity  of  foupd,  which  makes 
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a  progrefs  of  about  i  coo  feet  in  a  fecond.  If  the 
clafticity  of  the  air  were  increafed^  its  denfity  re- 
maining the  iame,  the  velocity  of  found  would  in- 
creafe :  and  the  fame  thing  would  take  place  if  the 
air  were  more  rare,  or  lefs  denfe  than  it  is^  its  claf- 
ticity being  the  fame.  In  general,  the  more  that 
any  medium,  fimilar  to  air,  is  elaftic,  and  at  the 
fzme  time  lefs  denfe,  the  more  rapidly  will  the  agita- 
tions excited  in  it  be  tranfmitted.  And  as  light  is 
tranfmitted  fo  many  thoufand  times  more  rapidly 
than  found,  it  mufl  clearly  follow,  that  the  ether, 
that,  medium  whofe  agitations  conftitute  light,  is 
'  many  thcufand  times  more  elaflic  than  air,  and,  at 
the  fame  time,  many  thoufand  times  more  rare  or 
more  fubtile,  both  of  thefe  qualities  contributing  to 
accelerate  the  propagation  of  light. 

Such  is  the  reafon  which  leads  to  conclude,  that 
ether  is  many  thou£ind  times  more  elaflic  and  more 
fiibtile  than  air ;  its  nature  being  in  other  refpeds 
fimilar  to  that  of  air,  in  as  much  as  it  is  likewife  a 
fluid  matter,  and  fufceptible  of  compreffion  and  of 
nurefadion.  It  is  this  quality  which  wiU  conduft.  ' 
us  to  the  explanation  of  all  the  phenomena  of  elec- 
tricity. 
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LETTER    XXV. 

Continuation.     Different  Nature  of  Bodies  relatively  to 

Eledricity. 

ETHER  being  a  fubtile  matter,  and  fimilar  to 
sdr,  but  many  thoufand  times  more  rare  and 
more  elaftic,  it  cannot  be  at  reft,  unlefi  its  elafticity, 
or  the  force  with  which  it  tends  to  expand,  be  the 
fame  every  where. 

As  foon  as  the  ether  in  one  place  fhall  be  more 
elaftic  thjm  in  another,  which  is  the  cafe  when  it  is 
more  compreffed  there,  it  will  expand  itfelf  into  the 
parts  adjacent,  compreffing  what  it  finds  there,  till 
the  whole  is  reduced  to  the  fame  degree  of  elafticity. 
It  is  then  in  equilibrio ;  the  equilibrium  being  no- 
thing elfe  but  the  ftate  of  reft,  when  the  powers 
which  have  a  tendency  to  difturb  it  counterbalance 
each  other. 

When  therefore  the  ether  is  not  in  equilibrio,  the 
fame  thing  muft  take,  place  as  in  air,  when  its  equi- 
librium is  difturbed ;  it  muft  expand  itfelf  from  the 
place  where  its  elafticity  is  greater,  toward  that  where 
it  is  lefs ;  but  confidering  its  greater  elafticity  and 
fubtilty,  this  motion  muft  be  much  more  rapid  than 
that  of  air.  The  want  of  equilibrium  in  the  air 
produces  wind,  or  the  motion  of  that  fluid  from 
one  place  to  another.  There  muft  therefore  be  pro- 
duced a  fpecies  of  wind,  but  incomparably  more 
fubtile,  than  that  of  air,  when  the  equilibrium  of  the 
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ether  is  difturbed,  by  which  this  laft  fluid  will  pafs 
from  places  where  it  was  more  comprefled  and  more . 
daftic,  to  thofe  where  it  was  lefs  fo. 

This  being  laid  down,  I  with  confidence  affirm, 
that  all  the  phenomena  of  eleftricity  are  a  natural 
confequence  of  want  of  equilibrium  in  the  ether,  fo 
that  wherever  the  equilibrium  of  the  ether  is  dxC- 
tturbed,  the  phejioniena  of  eleftricity  muft  takie  place ; 
copfequently,  eleftricity  is  nothing  elfe  but  a  de- 
rangement of  the  equilibrium  of  the  ether. 

In  order  to  unfold  all  the  effefts  of  eleftricity,  we 
muft  attend  to  the  manner  in  which  ether  is  blended 
and  inveloped  witli  all  the  bodies  which  f^rround  us. 
Ether,  in  thefe  lower  regions,  is  to  be  found  only  in 
the  fmall  interftices  which  the  particles  of  the  air  and 
of  other  bodies  leave  unoccupied.  Nothing  can  be 
more  natural  than  that  the  ether,  from  its  extreme 
fubtilty  and  elafticity,  fliould  infinuate  itfelf  into  the 
fmalleft  pores  of  bodies,  which  are  impervious  to  air, 
and  even  into  thofe  of  the  air  itfelf.  Yqu  will  rer 
collect  that  all  bodies,  however  folid  they  may  ap- 
pear, are  full  of  pores ;  and  many  e?:periments  in^ 
conteftibly  demonftrate,  that  th^  interftices  occupy 
much  mqre  fpace  than  the  folid  parts ;  finally,  the 
lefs  ponderous  a  body  is,  the  more  it  muft  be  filled 
with  thefe  pores,  which  contain  ether  only.  It  is 
clear,  therefore,  that,  though  the  ether  be  thus  dif* 
fufed  through  the  fmalleft  pores  of  bodies,  it  muft 
however  be  found  in  very  great  abundance  in  the 
yicinity  of  the  earth. 

You  will  eafily  comprehend,  that  thq  difference 
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of  thefe  pores  muft  be  very  great,  both  as  to  mag- 
nitude and  figure,  according  to  the  diflFerent  nature 
of  the  bodies,  as  their  diverfity  probably  depends  on 
the  diverfity  of  their  pores.  There  muft  be,  there- 
fore, undoubtedly,  pores  more  clofe,  and  which  have 
lefs  communication  with  others ;  fo  that  the  ether 
lyhich  they  contain  is  likewife  more  confined,  and 
cannot  difengage  itfelf  but  with  great  difficulty, 
though  its  elafticity  may  be  much  greater  than  that 
of  the  ether  which  is  lodged  in  the  adjoining  pores. 
There  muft  be,  on  the  contrary,  pores  abundantly 
open,  and  of  eafy  communication  with  the  adjacent 
pores ;  in  this  cafe  it  is  evident,  that  the  ether  lodged 
in  them  can  with  lefs  difficulty  difengage  itfelf  than 
in  the  preceding ;  and  if  it  is  more  or  lefs  elaftic  in 
thefe  than  in  the  others,  it  will  foon  recover  its  equi- 
librium. 

In  order  to  diftinguifli  thefe  two  claffes  of  pores, 
I  Ihall  denominate  the  firft  clofe^  and  the  others  open^ 
Moft  bodies  muft  contain  pores  of  an  intermediate 
fpecies,  which  it  will  be  fufficient  to  diftinguifli  by 
the  terms  more  or  lefs  clofe^  and  more  or  lefs  open* 

This  being  laid  down,  I  remark,  firft,  that  if  all 
bodies  had  pores  perfectly  clofe,  it  would  be  impot 
fible  to  change  the  elafticity  of  the  air  contained  in 
them ;  and  even  though  the  ether  in  fome  of  thefe 
pores  fliould  have  acquired,  from  whatever  caufe,  a 
higher  degree  of  elafticity  than  tlie  others,  it  would 
always  remain  in  that  ftate,  and  never  recover  its 
i^quilibrium,  from  a  total  want  of  commujiication. 
la  this  cafe,  no  change  could  take  place  in  bodies ; 

all 
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all  would  remain  in  the  fame  flate  as  if  the  ether 
were  in  equilibrio,  and  no  phenomenon  of  eleftricity 
could  be  produced. 

This  would  likewife  be  the  cafe  if  the  pores  of 
all  bodies  were  perfedUy  open  :  for  then^  though  the 
ether  might  be  more  or  lefs  elaftic  in  (ome  pores 
than  in  others,  the  equilibrium  would  be  inftantly 
reftored,  from  the  entire  freedom  of  communication^ 
and  that  fo  rapidly,  that  we  Ihould  not  be  in  a  con<» 
dition  to  remark  the  flighteft  change.  For  the  fame 
reafon,  it  would  be  impoffible  to  difturb  the  equili- 
brium of  the  ether  contained  in  fuch  pores ;  as  often 
as  the  equilibrium  might  be  difturbed,  it  would  be 
as  inftantaneoufly  reftored,  and  no  fign  of  dedricity 
would  be  difcoverable. 

The  pores  of  all  bodies  being  neither  perfefliy  clofc 
nor  perfeftly  open,  it  will  always  be  poffible  to  dif* 
turb  the  equilibrium  of  the  ether  which  they  con- 
tain :  and  when  this  happens,  from  whatever  caufe, 
the  equilibrium  cannot  fail  to  re-feftabli£b  itfelf :  but 
this  re-eftabliihment  will  require  fome  time,  and  this 
produces  certain  phenomena :  and  you  will  prefently 
fee,  much  to  your  fatisfaftion,  that  they  are  pre- 
cifely  the  fame  which  eledrical  experiments  have  dif- 
covered.  It  will  then  appear,  that  the  principles  on 
which  I  am  going  to  eftablifli  the  theory  of  electri- 
city are  extremely  fimple,  and  at  the  fame  time  ab- 
folutely  incontrovertible. 

2'jtbjuney  1761. 
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LETTER    XXVI. 
On  the  fame  Subjed* 

I  HOPE  I  have  now  furmouhted  the  moft  formi- 
dable  difficulties  which  prefent  themfelves  in  the 
theory  of  deftricity.  You  have  only  to  preferve  the 
idea  qf  ether,  which  I  have  been  explaining ;  and 
which  is  that  extremely  fubtile  and  elaftic  matter 
diflEufed  not  only  through  all  the  void  fpaces  of  the 
univerfe,  hut  through  the  minuteft  pores  of  all  bodies, 

in  which  it  is  fometimes  more  and  fometimes  lefs  en- 

» 

gaged,  according  as  they  are  more  or  lefs  clofe.  This 
conlideration  condufts  us  to  two  principal  fpecies  of 
bodies,  of  which  the  one  has  pores  more  clofe,  and 
the  other  pores  more  open. 

Should  it  happen,  therefore,  that  the  ether  con- 
^^ed  in  the  pores  of  bodies,  has  not  throughout  thp 
iame  degree  of  elafticity,  and  that  it  is  more  or  lefe 
comprefied  in  fome  than  in  others,  it  will  make  an 
eflFort  to  recover  its  equilibrium  j  and  it  is  precifely 
from  this  that  the  phenomena  of  cledricity  take  their 
rife,  which,  of  confequence,  will  be  varied,  in  pro- 
portion as  the  pores  in  which  the  ether  is  lodged  are 
various,  and  grant  it  a  communication  more  or  lefs 
free  with  the  others. 

This  difference  in  the  pores  of  bodies  perfeftly  cor- 
refponds  to  that  which  the  firfl  phenomena  of  elec- 
tricity have  made  us  to  remark  in  them,  by  which 
fome  eafily  become  eleftrical  by  communication,  or 

I  the 
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the  proximity  of  an  eleftrical,  body,  whereas  others 
fcarcely  undergo  any  change.  Hence  you  will  im- 
mediately infer,  that  bodies  which  receive  eledricity 
fo  eafily,  by  commuftication  alone,  are  thofe  whofe 
pores  are  open }  and  that  the  others  which  are  almofl 
infenfible  to  deftricity,  muft  have  thdrs  dofe,  either 
entirely  or  to  a  very  great  degree. 

It  is,  then,  by  the  phenomena  of  deftricity  them- 
fdves,  that  we  are  enabled  to  condude  what  are  the 
bodies  ^hofe  pores  are  dofe  or  open.  Refpeding 
which  permit  me  tofuggeft  the  following  duddations- 
Firft,  the  air  which  we  breathe  has  its  pores  almoft 
entirely  dofe ;  fo  that  the  ether  which  it  contains^ 
cannot  difengage  itfelf  but  with  difficulty,  and  muft 
find  equal  difficulty  in  attempting  to  penetrate  into 
it.  Thus,  though  the  ether  diflufed  through  the  ait 
is  not  in  equilibrio  with  that  which  is  contained  in 
Other  bodies,  where  it  is  more  or  lefe  compreffed,  the 
re-eftablifhment  of  its  equilibrium  is  not  to  be  pro- 
duced without  extreme!  difficulty ;  this  is  to  be  un- 
derftood  of  dry  air,  humidity  being  of  a  different  na- 
ture, as  I  fhall  prefently  remark- 
Farther,  we  muft  rank  in  this  dais  of  bodies,  with 
dofe  pores,  glafs^  pitchy  rejinous  bodies ^  f eating  wax^ 
fulphur^  and  particularly  ftlk.  Thefe  fubftaiices  have 
their  pores  fo  very  clofe,  that  it  is  with  extreme  dif- 
ficulty the  ether  can  either  efcape  from,  or  penetrate 
into,  them. 

The  other  clafs,  that  of  bodies  whofe  pores  are 
open,  contains,  firft,  water  and  other  liquors,  whofe 
nature  is  totally  different  from  that  of  air.     For  this 

reafon 
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Teafon  when  air  becomes  humid,  it  totally  changes  its 
nature  with  refpeA  ta  eleftricity,  and  the  ether  can- 
enter  or  efcape  without  alinoft  any  difficulty.     To 
this  da&  of  bodies,  with  open  pores,  likewife  muft  be 
referred  thofe  of  animals,  and  all  metals. 

Other  bodies,  fuch  as  wood,  feveral  forts  of  ftones 
and  earths,  occupy  an  intermediate  ftate  between  the 
two  principal  fpecies  which  I  have  juft  mentioned, 
and  the  ethi^  is  Capable  of  entering  or  efcaping  with 
more  or  lefs  fsicility,  according  to  the  nature  of  each 
fpecies. 

After  thefe  elucidations  on  the  different  nature  of 
bodies,  with  refpeft  to  the  ether  which  they  contain, 
you  will  fee  with  much  fatisfaAion,  how  all  the  phe- 
nomena of  eleftricity ,  which  have  been  confidered  as 
fo  many  prodigies,  flow  very  naturally  from  them. 

All  depends,  then,  on  the  ilate  of  the  ether,  difl 
fufed  or  difperfed  through  the  pores  of  all  bodies,  in 
as  far  as  it  has  not  throughout  the  fame  degree  dt 
clafticity,  or  as  it  is  more  or  lefs  compreffed  in  fome 
than  in  others ;  for  the  ^her  not  being  then  in  equi- 
Ubrio,  will  make  an  effort  to  recover  it.  It  will  en-* 
deavour  to  difengage  itfetf  as  far  ai  the  opennefs  of 
the  pores  will  permit,  from  places  where  it  is  too 
much  compreffed,  to  exparid  itfelf  and  enter  intd 
pores  where  there  is  lefs  eompreffion,  till  it  is  through^ 
out  redu^efd  to  the  fame  degree  of  compreffion  and 
elaftidty,  and  is,  of  eonfequence,  in  equilibrio. 

Let  it  be  remarked,  that  when  the  ether  p>afle^ 
ftom  a  body  where  it  was  too  much  compreffed,  into 
another  where  it  is  lefs  fo,  it  meets  with  great  ob-» . 
•  IVbitlt  H  ftacles 
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ftacles  in  the  air  which  feparates  the  two  bodies,  on 
account  of  the  pores  of  thb  fluid,  which  are  almoft 
entirely  clofe-  It  however  pa£e8  through  the  air,  as 
a  liquid  and  extremely  fubtile  matter,  provided  its 
force  is  not  inferior,  or  the  interval  between  the 
t>odies  too  great.  Now  this  paflage  of  the  ether  being 
very  much  impeded,  and  almoft  entirely  prevented 
by  the  pores  of  the  air,  the  ikme  thing  will  happen 
to  it,  as  to  air  forced  with  velocity  through  fmaU 
apertures,  a  hiffing  foui\d  is  heard,  which  proves  that 
this  fluid  is  then  put  into  an  agitation  which  produces 
•fuch  found. 

It  is,  therefore,  extremely  natural,  that  the  ether, 
forced  to  penetrate  through  the  pores  of  the  air, 
ihould  Ukewife  receive  a  fpecies  of  agitation.  You 
will  pleafe  to  recoUeft,  that  as  a^tation  of .  the  air 
produces  found,  a  fimilar  agitation  of  ether  produces 
light.  As  often,  then,  as  ether  efcapes  from  one 
body,  to  enter  into  another,  its  paflage  through  the 
air  muft  be  axxompanied  with  light ;  which  appears 
fometimes  under  the  form  of  a  fpark,fometimes  under 
that  of  a  flafli  of  lightning,  according  as  its  quantity  . 
is  more  or  leis  conflderable. 

Here,  then,  is  the  moft  remarkable  circumftance 
which  accompanies  moft  eleftrical  phenomena,  ex* , 
plained  to  a  demonflxation,  on  the  principles  I  have 
laid  down.  I  flxall  now  enter  into  a  more  particular 
detail,  which  will  furnifli  me  with  a  very  agreeable 
fubjed  for  fome  following  letter^. 

l^thjunc^  1761. 
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Of  pofttive  and  negative  EleSIricity.     Estpldriation  of  the 

Phenomenon  of  Att ration. 

You  will  eafHy  coihprehend  from  what  1  have 
above  advanced,  that  a  body  muft  become  elec- 
trical, whenever  the  ether  contained  in  its  pores  be- 
comes more  or  lefs  elaltic  than  that  which  is  lodged 
in  adjacent  bodies.  This  takes  place  when  a  greater 
quantity  of  ether  is  introduced  into  the  pbres  of 
fuch  body,  or  when  part  of  the  ether  which  it  con- 
tained is  forced  out*  In  the  former  cafe,  the  ether 
becomes  more  compreffed,  and  cohfeqUently' more 
ckftic;  in  the  other,  ^it  becomes  rarer,  and  lofes  its 
dafticity.  In  both  cafes,  it  is  no  lortger  in  equilibrio 
with  that  which  is  external;  arid  the  eflForts  which' 
it  makes  to  recover  its  equilibriuin,  produce  all  the 
phenomena  of  eleAricity. 

You  fee  then  that  a  body  may  become  deftric  in 
two  different  ways,  according  as  the  ethet  ODritairied 
in  its  pores  becomes  more  or  lefs  'ehtfiijC  thah  that 
which  is  external ;  hence  refult  two  fpecies  of  elec- 
tricity:  the  one,  by  which  the  ether  is  rendered 
more  elaftic,  or  more  compreffed,  is  denominated  /«- 
creafed  or  pojitive  ekSiricity,  the  .other,  in  which  XhH 
ether  is  lefs  elaftic,  or  more  rarefied,  is  denominated. 
diminijhed  or  negative  ele&ricrty.  The  phenomena  of 
b6fth;are  nearly  the  fame ;  a  flight  dififereiice  only  is' 
obfervable,  which  I  fliall  mention.  ^       ' 
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ftacles  in  the  air  which  feparates  the  two  bodies,  on 
account  of  the  pores  of  thb  fluids  which  are  almoft 
entirely  clofe-  It  however  pa£e8  through  the  air,  as 
a  liquid  and  extremely  fubtile  matter,  provided  its 
force  is  not  inferior,  or  the  interval  between  the 
bodies  too  great.  Now  this  paffage  of  the  ether  being 
very  much  impeded,  and  almoft  entirely  prevented 
by  the  pores  of  the  air,  the  ikme  thing  will  happen 
to  it,  as  to  air  forced  with  velocity  through  fmaU 
apertures,  a  hiffing  foui\d  is  heard,  which  proves  that 
this  fluid  is  then  put  into  an  agitation  which  produces 
fuch  found. 

It  is,  therefore,  extremely  natural,  that  the  ether, 
forced  to  penetrate  through  the  pores  of  the  air, 
ihould  likewife  receive  a  fpecies  of  agitation.  You 
will  pleafe  to  recolleft,  that  as  a^tation  of .  the  air 
produces  found,  a  fimilar  agitation  of  ether  produces 
light.  As  often,  then,  as  ether  efcapes  from  one 
body,  to  enter  into  another,  its  paffage  through  the 
air  muft  be  axxompanied  with  light ;  which  appears 
fometimes  under  the  form  of  a  fpark,fometimes  under 
that  of  a  flafli  of  lightning,  according  as  its  quantity  , 
is  more  or  leis  confider  able. 

Here^  then,  is  the  moft  remarkable  circumftance 
which  accompanies  moft  eleftrical phenomena,  ex*, 
plained  to  a  demonftration,  on  the  principles  I  have 
laid  down.  I  flxall  now  enter  into  a  more  particular 
detail,  which  will  furnifli  me  with  a  very  agreeablo 
fubjeft  for  fbme  following  letteni. 

'  -    Z^thjune^  1 761. 
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X)f  pofitive  and  negative  EleSIricity.     E^tpjamtion  of  the 

Phenomenon  of  Attra6lion. 

YOU  will  eafHy  coihprehend  from  Mkrhat  1  have 
above  advanced,  that  a  body  muft  become  elec- 
trical, whenever  the  ether  contained  in  its  pores  be- 
comes more  or  lefi  daftic  than  that  which  is  lodged 
in  adjacent  bodies.  This  takes  place  when  a  greater 
quantity  of  ether  is  introduced  into  the  pbres  of 
fuch  body,  or  when  part  of  the  ether  which  it  con- 
tained is  forced  out*  In  tjie  former  cafe,  the  ether 
becomes  more  compreffed,  and  cohfeqUently  more 
ckftic;  in  the  other,  ^it  becomes  rarer,  and  lofes  its 
dafticity.  In  both  cafes,  it  is  no  lohger  in  equilibrio 
with  that  which  is  external;  arid  the  eflForts  which' 
it  makes  to  recover  its  equilibriunii,  produce  all  the 
phenomena  of  eleAricity. 

You  fee  then  that  a  body  may  become  eleftric  in 
two  different  ways,  according  as  the  ethet  cbntairied 
in  its  pores  becomes  more  or  lefs  yiftip  than  that 
which  is  external ;  hence  refult  two  fpecies  of  elec- 
tricity:  the  one,  by  which  the  ether  is  rendered 
more  daftic,  or  more  compreffed,  is  denominated  /«- 
creafed  or  pojitive  eleSlricityy  the  jOthcr,  in  which  th<i' 
ether  is  lefe  elaftic,  or  more  rarefied,  is  denominated 
dimint^ed  or  negative  electricity.  The  phenomena  of 
both'^are  nearly  the  fame ;  a  flight  dififerfcrice  only  W 
obfervable,  which  I  fliall  mention.  -       ' 
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greater  diameter  of  the  tube,  as  from  the  very  1lat^r^ 
of  glafs. 

Experiments  give  us  rcafon  to  conclude,  that  the 
tube  of  glafs  becomes,  by  thefe  means,  furcharged 
with  ether,  whereas  fealing-wax  is  exhaufted  of  it  i 
the  phenomena  however  are  yearly  the  fame. 

If  mvift  be  obfcryed,  that  the  glafs  tube  retains  its 
deftricity  as  long  as  it  is  f^rjroundcd  only  with  air, 
becaufe  the  pores  of  the  glafs  and  thofc  of  the  air, 
are  too  clpfe  to  allow  a  communication  fufficiently 
free  to  the  ether,  and  to  exh;;^uft  the  glafs  of  what  it 
has  more  than  in  its  natural  fiate ;  fiiperfluity  of 
ether  always  increafing  elafticity.  But  the  air  muft 
be  very  dry,  for  only  wl^en  in  that  ftate  are  its  pores 
fufficiently  c^ofe ;  when  it  is  humid  or  loaded  with 
vapours,  experiments  do  pot  fucceed,  whatever  de* 
gree  of  friction  you  beftow  on  the  glafs,  Th<5  reafon 
is  ob^dous ;  for  water,  which  renders  the  air  humid, 
having  its  pores  very  open,  receives  every  inflant 
the  fuperflfious  ether  which  was  in  the  glafs,  and 
which  of  courfe  remains  in  its  natui^al  flate.  Expe- 
riments fucceed,  then,  in  only  very  dry  aijr;  let  u^ 
now  fee  whaf  phenomena  a  glafs  tube  will,  in  that 
cafe,  produce,  fflate  ILJig*  2  5. J  afjer  h<^ying  underr 
gone  cpnfiderable  fri6tion. 

It  is  dear,  that  on  prefenting  to  it  a  fmall  light 
body  C  with  open  pores,  fuch  as  gqld-leaf,  the  ether 
in  the  tube  more  elaflic  at  the  nearefl  parts  J5,  -C, 
will  not  makjS  ineffectual  efforts  to  difcharge  itfelf 
and  pafs  into  the  pores  of  the  body  C.  It  will  force 
a  path  through  th^  air,  provided  the  diflance  be  not 
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too  great ;  and  you  will  even  fee  a  light  between  the 
tube  and  the  body  occafioned  by  the  agitation  ex- 
cited in  the  ether,  which  pafles'  with  difficulty  from 
the  tube  into  the  body.  When,  inftead  of  the  body 
C>  the  finger  is  applied  to  it,  you  fed  a  pricking  oc- 
cafioned by  the  rapid  entrance  of  the  ether ;  and  if 
you  expofe  your  face  to  it  at  fome  diftance,  you  feel 
a  certain  agitation  in  the  air,  excited  by  the  tranfition 
of  the  ether.  Thefe  circumfiances  are  likewife  ac- 
companied, fometimes,  with  a  flight  cracking,  pro- 
duced undoubtedly  by  the  agitation  of  the  air  which 
the  ether  traverfes  with  fuch  rapidity. 

I  muft  entreat  you  to  keep  in  mind,  that  an .  agi« 
tation  in  the  air  always  produces,  a  found,  and  that 
the  motion  of  ether  produces  light ;  and  then  the 
explanation  of  thefe  phenomena  will  become  abun- 
dantly eafy. 

Let  the  fmall  light  body  C,  be  replaced  in  the  vi- 
cinity pf  our  eleftric  tube ;  as  long  as  the  ether  is 
efcaping  from  the  tube,  to  enter  into  the  pores  of  the 
body  C,  the  air  will  be  in  patt  expelled  from  it,  and 
confequently  will  not  pre&  £0  firongly  on  the  body 
on  that  fide,  a$  in  every  other  direftion ;  it  will  hap- 
pen, then,  as  in  the  preceding  cafe,  that  the  body  C 
will  be  impelled  toward  the  tube,  and,  being  light, 
will  come  clofe  up  to  it.  We  fee,  then,  that  this  ap*. 
parent  attradio^  equally  takes  place,  whether  the 
ether  in  the  tube  be  too  much  or  too  little  elafiic ; 
or^  whether  the  ebfticity  of  the  tube  be  pofitive  or 
negative.  In  both  cafes,  the  paiTage  of  the  ether  ftopg 
the  air,  and  by  its  prefiiire  hinders  it  from  adting. 

But 
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But  .while  tjie  fmall  body  C  is  approaching  the 
tube,  the  paflage  of  the  ether  becomes  ftronger,  and 
the  body  C  will  foon  be  as  much  furcharged  with  ether 
as  the  tube  itfelf.  Then  the  adion  of  the  ether, 
which  arifes  from  its  elaftidty  only,  entirely  ceafes, 
and  the  body  C  will  fuftain  on  all  fides  an  equal 
preffure.  The  attraftion  will  ceafe,  and  the  body  C 
will  remove  from  the  tube,  as  nothing  detains  it,  and 
its  own  gravity  puts  it  in. motion.  Now  as  foon  as 
it  removes,  its  potes  being  open,  its  fuperfluous  ether 
prefently  efcapes  in  the  air,  and  it  returns  to  its  na- 
tural ftate.  The  body  will  then  aft  as  at  the  begin- 
ning, and  you  will  feQ.j||  again  approach'  the  tube,  fo 
that  it  will  appear  alternately  attrafted  and  riepelled 
by  it ;  and  this  play  will  go  on  till  the  tube  has  loft 
its  eleftricity.  For  as,  on  every  altraftion,  it  dif- 
charges  fome  portion  of  its  fuperfluous  ether,  befides 
the  infenfible  efcape  of  part  of  it  in  the  air,  the  tube 
will  foon  be  re-eflablifhed  in  its  natural  ftate,  and  in 
its  equilibrium ;  and  this  fo  much  the  more  fpeedily 
as  the  tube  ihall  be  fmall,  and  the  body  C  light :  then 
all  the  phenomena  of  eleftricity  wijl  ceafe, 

-ftb  Julyy  1761. 

LETTER  XXIX, 

I 

On  the  eleSlric  Atmofphere, 

I  HAD  almoft  forgot,  to  bring  forward  a  moft  et 
fential  circumftance,  which  accompamies  all  elec- 
tric bodies,  whether  pofttively  or  negatively  fuch?  and 

which 
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which  fuppUes  fomc  very  finkiog  eluddatcohs  foir 
fpsplaiiiing  thp  phenomena  of  ek^ti-idty. 

Though  it  be  indubitaWy  true  that  the  pores  o£ 
air  are  very  clofe,  and  fcarcdy  permit  any  communis 
cation  between  the  ether  that  they  contain,  and  what 
^  in  the  vicinity,  it  undergoes?  however  fbme  chajjge 
when  near  to  an  eleftjic  body. 

Let  us  firft  confider  an  ele^c  body  negatively  fo, 
^  a  ftick  of  feaHngi-wax -/^  By  (phu  Uhfig-  i.)  which 
has  been. deprived  by  fridion  of  part  of  the. ether 
contained  in  its  pores,  fo  that  what  it  now  contains 
]|ias  leis  elaflicity  than  that  of  other  bodies,  and  cOn- 
fequently  than  that  of  the  ai|:  which  furrounds  the 
wax.  It  mxift  neceflarily  happen,  that  the  ether  con- 
tained in  the  particles  of  the  air  which  immediately 
touch  the  wax,  as  at  m^  having  greater  elaflicity, 
{hould  discharge  itfelf,  in  however  fmall  a  degree, 
into  thje  pores  of  the  wax,  and  will  confequently  lofc 
fomewha):  of  it$  elaflicity*  Ip  like  manner,  the  par* 
tides  of  air  more  r-empte,  fuppofe  at  »,  will  like  wife 
fuffer  a  portion  of  their  either  to  efcape  into  the  nearer 
at  m^  and  fo  on  to  a  certai|i  diftance,  beyond  which 
the  air  will  no  longer  undergo  ^ny  change.  In  this 
manner,  the  air  rou^d  the  flick  of  wax,  to  a  certain 
diflance,  w>ll  be  deprived  of  part  of  its  ether,  and  be«» 
come  itfelf  eledric. 

This  portipn  of  the  sur,  which  thus  partakes  of 
the  eleftridty  of  the  ftick  of  wax,  is  denominated 
the  eledric  atmofphere  5  and  you  vdll  fee  from  the 
proofs  which  I  haye  jufl  adduced,  that  every  eledfcric 
j^ody  mufl  be  fuf rQunded  with  an  atniofphere.    For 

§  if 
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if  the  body  is  po/itiifefy  dcftric,  fo  as  to  contain  a  (u- 
pcrfluity  of  ether,  it  Will  be  more  conlpreffed  in  fuch 
a  body^  and  confequently  more  elaftic,  as  fs  the  cafe 
with  a  tube  of  glafs  when  rubbed ;  this  ether,  more 
elaftic,  then  difcbargc^  itfelf,  in  a  fmall  degree,  into 
the  particles  of  air  wliich  iitimediately  touch  it,  and 
thence  into  particles  riicfre  remote^  to  a  certain  dif- 
tance;  this  will  form  another  eleftric  atmofphere 
round  the  tube,  in  which  the  ether  will  be  more 
compreffed,  and  confdquently  more  elaftic  than  elfe^* 
where.  * 

It  is  evident  that  this  atmofphere  which  furrounds 
fuch  bodies,  muft  gradually  diminifli  the  eleftricity 
of  them,  as  in  the  firft  cafe  there  pafies  almoft  con- 
tinually a  fmall  poif'tion  of  ether,  from  the  furround- 
ing  air,  into  the  ele<Shric  body^  and  which,  in  the 
other  cafe,  iffues  from  the  deftric  body,  and  paffes 
into  the  air.  This  is  likewife  the  reafon  why  eleftriq 
bodies  at  length  lofe  their  eleftricity ;  and  this  io 
much  the  fooner,  as  the  pores  of  the  air  are  more 
open.  In  a  humid  air,  whofe  pores  are  very  open, 
all  eleftricity  is  almoft  inftantjy  extinguilhed ;  but 
in  very  dry  air  it  continues  a  confiderable  time. 

This  eleftric  atmofphere  becomes  abundantly  fcn-r 
fible,  on  applying  your  face  to  an  cleftrificd  body  ;- 
you  have  a  feeling  fimilar  to  the  application  of  a  fpi? 
der*s  web,  occafioned  by  the  gentle  tranfition  of  the 
ether  from  the  face  into  the  eleftric  body,  or  reci^i 
procally  from  this  laft  into  the  face,  according  as  it 
is  negative  or  pofitive,  to  ufc  the  common  exprefllon. 

The  eleftric  atmofphere  ferve?  fike^e  more  clearly 
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to  explaiu  that  altjetj^^te  aitra^on  and  repulfion  of 
light  bodies  plac:ed'  mear.  (p  eledric  bodies,  which  I 
mentioned  in  the  preceding^-Ietter j  in  which  you 
muft  have,  remarked,  that  the  explanation  of  repuU 
ilon,  there  given,  is  incomplete ;  but  the  eledbic  at« 
mpfphere  will  fupply  the  defeft*  : 

Let  A  B  (plate  III.  Ji^.  2.  J  reprefcnt  an  eledxic 
tube  of  glafs  furcharged  with  ether,  and  let  C  be  a 
fmall  light  body,  with  pores  fufficiently  open,  in  its 
natural  fiate.    Let  the  atxnoi^here  extend  as  far  as 
the  diftance  D  E.    Now,  as;  the  vicinity  of  C  con* 
tains  already  an  ether  more  eiafiic,  this  will  difcharge 
itfelf  into  the  pores  of  the  body  C,  there  will  imme* 
diately  iflue  from  the  tube  a  new  ether,  which  wiU 
pais  from  D  into  C,  and  it  is  the  atmofphere  chiefly 
which  facilitates  this  paffage.    For  if  the  ether  con-* 
tained  in  the  air  had  no  communication  witH  that  ia 
the  tube,  the  corpufcle  C  would  not  feel  the  vicinity 
of  the  tube ;  but  while  the  ether  is  pafling  from  D 
to  C,  the  preflure  of  the  air  between  C  and  D  will 
be  diminiihed,  and  the  corpufcle  C  will  no  longer  be 
preffed  equally  in  aH  direftions ;  it  will  therefore  be 
impelled  toward  Z>,  as  if  attrafted  by  it.     Now  in 
proportion  as  it  approaches,  it  will  be  likewife  more 
and  more  furcharged  with  ether,  and  will  become 
eledric  as  the  tube  itfelf,  and,  confequently,  the  elec- 
tricity of  the  tube  will  no  longer  ad  upon  it. 

But  as  now  the  corpufcle,  being  arrived  at  Z),  con- 
tains too  much  ether,  and  more  than  the  air  at  £,  it 
will  have  a  tendency  to  efcape,  in  order  to  make  its 
V^yitQ^I    The  atmofphere,  in  which  the  compref- 

fion 
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fion  of  the  ether  cohtimits  to  dimmifii  from  D  to  J? 
iiiU  fadUtatte  this  paflkge^  and  the  filperfluotis  ether 
will  in  eftcft  flow  from  the  corpufclef  toward  E.  By 
this  paflage,  the  preffurc  of  the  air  on  the  corpufcle 
will  he:  finalfer.  on  that  fide  than  every  where  elfe, 
and  confequently  the' corpufcle  will  be  carried  to* 
ward  D,  as  if  the  tube  repelled  it.  But  as  foon  as  it 
srriVes  at.jS^  it  difcharges  the  fuperfludus  ether^  and 
recovers  its  natural  fiate  \  it  will  then  be  again  at* 
trad:ed  toward  the  tubeyand,  having  reached  it,  will 
be  again  repelled^  for  the  reafon  which  I  have  juft 
been  je^plaining. 

.  .  It  is  .the  electric  atmolphere  then,  chiefly,  which 
produces  thefe  Angular  phenomena,  when  we  fee 
cledrifled  bodies  altematdy  attract  and  repel  fmall 
light  bpi^i^s,  fuch  as  litde  flips  of  paper5  or  particles 

of  metal; .  with  which  this  experiment  befi:  fucceeds^ 

« 

as  the  fubftailces  have  very  open  pores. 

You  will  fee,  moreover,  that  what  I  have  juft  now 
laid  refpecting  pojitive  elcclricity,  muft  equally  take 
placjC  in  negath^n  The  tranfition  of  the  ether  is  only 
reyerfed,  by  which  the  natural  prefliire  of  the  air 
muft  always  be  diminiftied. 

iu6  Jufyf  17611; ;  ' 
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LETTER    XXX.  '. 

Communication  of  EleSlricity  to  a  Bar  of  Iron^  by  means 

of  a  Globe  of  Glafs* 

AFTER  the  experiments  made  with  ^£s  tubes, 
we  have  proceeded  to  carry  dciflricity  to .  a 
higher  degree  of  ftrcngth.  Inftead  of  ^  tube,  a  globe, 
or  round  ball  of  glafs,  has  been  employed,:  which  is 
made  to  turn  with  great  velocity  round  an  axis,  and 
on  applying  the  hand  to  it,  or  a  cufhion  of  fome 
matter  with  open  pores,  a  fridion  is  produced, 
which  renders  the  globe  completely  eledric. 

Figure  4,  of  plate  III.  reprefents  this  globe,  which 
may  be  made  to  iriove  round  an  axis  A  B,  by  a  me- 
chanifm  fimilar  to  that  employed  by  turners.  C  is' 
the  cufhion  ftrongly  applied  to  the  globe,  on  which 
it  rubs  as  it  turns  round.  .The  pores  of  the  cufhion 
being,  in  this  fridibn,  comprefled  more  than  thofe 
of  the  glafs,  the  ether  contained  in  it  is  exj'Clled, 
and  forced  to  infinuate  itfelf  into  the  pores  <:>f  the 
glafs,  where  they  continue  to  accumulate,  becaufe 
the  open  pores  of  the  cufhion  are  continually  i  apply- 
ing it  with  mwe  ether,  which  it  is  extrafting,  at 
leafl  in  part,  from  furrounding  bodies ;  and  thus  the 
^be  may  be  furcharged  with  etiier  to  a  much  higher 
degree  than  glafs  .tubes.  The  effects  of  elcAricity 
are,  accordingly,'  rendered  much  more  confiderable, 
but  .of  the  fame-  nature  with  thofe  which  I  have  de- 
fcribed,  alternately  ^jLtracling  and  repelling  light  bo- 
....  dies; 
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dies ;  aild  the  fp^rks  which  we  fee,  on  touching  the 
electric  globe,  are  mUch  mote  lively. 

But  naturalifts'have  not  refted  fatisfied  with  fuch 
experiments,  but  hav6  employed  the  eledrica^  globe 
in  the  difcovery  of  phenomena  much  ftiore  fur- 
prizingfc* 

Having  conftrud:ed  the  machine  for  turning  the 
globe  round  its  axis  AB,  a  bar  of  iron  FG  is  fuf- 
^pended  above,  or  on  one  fide  of,  the  globe,  and  to- 
^ward  the  globe  is  direded  a  chain  of  iron  or  other 
metal  £0,  terminating  at  D,  in  metallic  filaments, 
which  touch  the  globe.  It  is  fufficient  that  this 
xhain  be  attached  to  the  bar  of  iron  in  any  manner 
whatever,  or  but  touch  it.  When  the  globe  is  turned 
round,  and,  in  turning,  made  to  rub  on  the  cuiliion 
at  C,  in  order  that  the  glafs  may  become  furcharged 
with  ether,  which  will,  confequently,  be  more  elaftlc, 
it  will  eafHy  pafs  from  thence  into  the  filaments  D, 
for,  bdng  of  m^tal,  their  pores  are  very  open ;  and 
from  thence,  again,  it  will  difcharge  itfelf  by  the 
chain  DE,  into  the  bar  of  iron  FG.  Thus  by  means 
of  the. globe,  the  ether  extracted  from  the  cufliion  C, 
will  fucceflively  accumulate  in  the  bar  of  iron  F  G, 
which  likewife,  of  confequence,  becomes  eleftric, 
and  its  electricity  incrcafes  in  proportion  as  you  con- 
tinue  to  turn  the  globe*  • 

If  this  bar  had  a  farther  communication  with 
other  bodies,  whofe  pores  too  are  open,  it  would 
foon  difcharge  into  them  its  fuperfluous  ether,  and 
thereby  lofe  its  electricity ;  the  ether  extraded  from 

*  See  Plate  III,  Fig.  5. 

tte 
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the  cufhion  would  be  difperfed  over  all  the  bodies 
which  had  an  inter-communication,  and  its  gteateft 
compreflipn  would  not  be  more  perceptible*  To 
prevent  this,  which  would  prove  fatal  to  all  the  phe- 
nomena of  electricity,  the  bar  muft,  of  neceffity,  be 
fupported,  or  fufpended,  by  props  of  a  fubftance 
whofe  pores  are  very  clofe ;  fuch  are  glafs,  pitch, 
fulphur,  f&iling-wax,  and  filk.  It  would  be  proper, 
then,  to  fupport  the  bar  on  props  of  glafi  or  pitch ; 
or  to  fufpend  it  by  cords  of  filfc.  The  bar  is  thus  ' 
fecurcd  againft  the  tranfmiffion  of  its  accumulated 
cthci*,  as  it  is  furrounded  on  all  fides  only  by  bodies 
with  clofe  pores,  which  grant  hardly  any  admiflion 
to  the  ether  in  the  bar.  The  bar  is  then  faid  to  be 
ifolated^  that  is,  deprived  of  all  'contaft  which  could 
communicate,  and  thereby  diminifc,  its  deftricity* 
You  muft  be  fenfible,  however,  that  it  is  not  poflible 
abfolutely  to  prevent  all  wafte ;  for  this  reafon  the 
eleftricity  of  fuch  a  bar  muft  continually  diminifli, 
if  it  were  not  kept  up  by  the  motion  of  the  glob?. 

In  this  manner  eleftricity  may  be  communica^ted 
to  a  bar  of  iron,  which  never  could  be  done  by  the 
moft  violent  and  perfevering  friftion,  becaufe  of  the 
opennefs  of  its  pores.  And,  for  the  fame  reafon, 
fuch  a  bar  rendered  eledric  by  communication,  pro- 
duces phenomena  much  more  furprizing.  On  pre- 
fenting  to  it  a  finger,  or  any  other  part  of  the  body, 
you  fee  a  very  brilliant  fpark  dar^  from  it,  which,  . 
entering  into  the  body,  excites  a  pungent,  and  fome- 
times  painful,  fenfation*  I  recoUeft  my  once  having 
prefented  to  it  my  head,  covered  with  my  peruke  anci 

VojL.H.  I  hat. 
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liat,  and  thq  firoke  penetrated  it  fo  acutely,  that  I 
felt  the  pain  next  day. 

Thefe  fparks,  which  efcape  from  every  part  of  the 
bar,  on  prefenting  to  it  a  body  with  open  pores,  fet 
on  fire,  at  once,  fpirit  of  wine,  and  kill  fmall  birds 
whpfe  heads  are  expofed  to  them.  On  plunging 
the  end  of  the  chain  D£  into  a  bafon  filled  with 
water,  and  fupported  by  bodies  with  clofe  pores,  fuch 
as  glafs,  pitch,  filk,  the  wliole  water  becomes  eledric  i^ 
and  fome  authors  aflure  us  that  they  have  feen  con- 
fiderabie  lakes  eledrified  in  this  manner,  fo  tliat,  on 
applying  the  hand,  you  might  have  feen  even  very 
pungent  fparks  emitted  from  the  water.  But  it  ap- 
pears to  me,  that  the  globe  muft  be  turned  a  very 
long  time  indeed,  to  convey  fuch  a  portion  of  ether, 
into  a  mafs  of  water  fo  enormous;  it  would  be  like- 
wife  neceflary  that  the  bed  of  the  lake,  and  every 
thing  in  contad  with  it,  Should  have  their  .pores 
clofe. 

The  more  open,  then,  the  pores  of  a  body  are, 
the  more  difpofed  it  is  to  receive  a  higher  degree  of 
eleclricity,  and  to  produce  prodigious  eflfefts.  You 
muft  admit  that  all  this  is  perfe(My  conformable  to 
the  principles  which  I  at  firft^  eftabliihed. 
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LETTER  XXXI. 

Ekflrifation  of  Men  and  Animals  t^ 

AS  eleftricity  may  be  communicated  frdni  glais 
to  a  bar  of  iron,  by  means  of  a  chain,  which 
forms  that  communication,  it  may  likewife  be  con- 
veyed into  the  human  body;  for  the  bodies  of  ani- 
mals have  this  property  in  common  with  metals  and 
water,  that  their  pores  are  very  open ;  but  the  man, 
who  is  to  be  the  fubjeft  of  the  experiment,  inuft  not 
be  in  contaft  with  other  bodies  whofe  pores  are  like* 
wife  open. 

For  this  effed,  the  man  is  placed  on  a  large  lump 
of  pitch,  or  feated  on  a  chair  fupported  by  glafs  co- 
lumns, or  a  chair  fufpended  by  cords  of  filk,  as  all 
thefe  fubftances  have  pores  fufficiently  dofe  to  pre- 
vent the  efcape  of  the  ether ^  with  which  the  body  of 
the  man  becomes  furcharged  by  ele6hricity. 

This  precaution  is  abfolutely  neceffary,  for  were 
the  man  placed  on  the  ground,  the  pores  of  which 
are  abundantly  open,  as  foon  as  the  ether  was  con- 
veyed into  his  body,  to  a  higher  degree  of  compret 
fion,  it  would  ^  immediately  difcharge  itfelf  into  the 
earth,  and  we  muft  be  in  a  condition  to  furcharge  it 
entirely  with  ether,  before  the  man  could  become 
ele6b-ic.  Now  you  muft  be  fenfible,  that  the  cuihion 
by  which  the  globe  of  glafs  is  rubbed,  could  not  pot 
fibly  fupply  fuch  a  prodigious  quantity  of  ether,  and 
that  were  yoru  to  extraft  it  even  out  of  the  earth  it* 

1  2  felf, 
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felf,  you  could  gain  no  ground,  for  yoti  would  juft 
take  away  as  much  on  the  one  hand  as  you  gave  on 
the  other. 

Having,  then,  placed  the  man,  whom  you  mean, 
to  eleclrify,  in  the  manner  which  I  have  indicated, 
you  have  only  to  make  him  touch,  with  his  hand, 
tlic  globe  of  glals  while  it  turns,  and  the  ether,  ac- 
cumulated in  the  globe,  will  esifily  pais  into  the  open 
pores  of  the  band,  and  diffufe  itfelf  over  the  whole 
body,  from  wheuipe  it  cannot  fo  eaiily  efcape,  as  the 
air„  and  all  the  bodies  with  which  he  is  furrounded, 
have  their  pores  clofe.  Inftead  of  touching  the  globe 
with  his  handtf  it  will  be  fufficient  for  him  to  touch 
the  chain,  or  even  the  bar,  which  I  defcribed  in  the 
preceding  letter  \  but  in  this  cafe,  not  only  the  man 
himfelf  rauft  be  furcharged  with  ether,  but  likewife 
the  chain  with  the  bar  of  iron,  y  and  as  this  requires 
a  greater  quantity  of  ether,  it  would  be  neceffary  to 
labour  longer  in  turning  tlie  globe>  in  order  to  fup- 
ply  a  fufficient  quantity.     . 

In  this  manner  the  man  becomes  entirely  electric, 
or,  in  other  words,  his  whole  body  will  be,  fur- 
charged  with  ether,  arid  this  fluid  will  confequently 
be  found  there  in  the  higheft  degree  of  compreffioix 
and  eleftricity,  and  will  have  a  violent  tendency  to 
efcape* 

You  muft  be  abundantly  fenfible^  that  a  ftate  fo 
violent  cannot  be  indijBferentto  the  man.  The  body 
is,  in  its  minuted  parts,  wholly  penetrated  with 
ether,  and  the  fmalleft  fibres,  as  well  as  the  nerves, 
are  fo  filled  with  it,  that  this  ether,  without  doubt, 
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pervades  the  principal  fpf ings  of  animal  and  vital 
motion.  It  is,  accordingly,  obferved,  that  the  pulfb 
of  a  man  ekiftrified  beats  fafterj,  he  is  throwtl  into  a 
ftveat,  and  the  motion  of  the  more  fubtile  fluids^ 
with  which  the  body  is  filled,  becomes  more  rapid. 
A  certain  change  U  likewife  felt  over  the  whole 
body,  which  it  is  impoffible  to  defcribe ;  and  there 
is  every  reafbfi  to  believei  that  this  ftate  has  a  pd^^- 
erful  influence  on  the  health,  though  fufficient  ^» 
periments  have  not  yet  b^n  made,  to  afcertain  in' 
what  cafes  this  influence  is  falutary  of  otherwifc.  It 
may  fometimes  be  highly  beneficial  td  have  the  blood 
and  humours  raifed  to  a  more  lively  circulation ; 
Certain  obflifuctions,  which  threaten  dangerous  con*/ 
fequenteS)  might  thereby  be  prevented ;  but  on  otheS^ 
occafions,  an  agitation  too  violent  might  prove  iii^ 
jurious  to  health*  The  fubjeft  certainly  well-deferves 
the  attention  of  medical  gentlemen.  We  have  heahl 
of  many  furprizing  cures  performed  by  eleftricity, 
but  we  are  not  yeft  enabled  fufficiently  to  diftingUMh 
the  occafions  on  which  we  piay  ptomife  ourfelvcs 
fuccefs. 

To  return  to  our  elcftrified  man;  it  is  very  re- 
markable that,  in  th^  dark,  we  fee  him  furrounded 
with  a  light,  fimilar  to  that  which  painters  throw 
round  the  heads  of  faints.  The  reafon  is  abundantly 
obvious  )  as  there  is  always  efcaping  from  the  body 
of  that  man,  fome  part  of  the  ether  with  which  he 
is  furcharged,  this  fluid  meets  much  refiftance  from 
the  clofe  pores  of  the  air,  it  is  thereby  put  into  a 

I  3  certain 
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certain  agitation,  which  is  the  origin  of  light,  as  I 
have  had  the  honour  to  demonfirate. 

Phenomena  oiF  a  very  fiirprizlng  nature  are  re* 
jnarked,  in  this  Hate  of  a  man  ele£b:ified.  On  touch* 
ing  him,  you  not  only  fee  very  brilliant  fparks  iffue 
from  the  part  which  you  touch,  but  the  man  feels, 
befides,  a  very  pungent  pain.  Farther,  if  the  per* 
fon  who  touchcRS  him  be  in  his  natural  ^lat^,  or  not 
deArified^  both  feniGibly  feel  this  pain,  which  might 
have  htA  confequences,  efpecially  if  he  were  touched 
i|i  the  head,  or  any  other  part  of  the  body  of  acute 
fenfibility.  You  will  readily  comprehend,  then,  how 
little  indi&rent  it  is  to  us,  that  part  of  the  ether 
contained  in  our  body  efcape  from  it,  or  that  new 
ether  is  introduced,  efpecially  a$;  this  is  donb  with 
fuch  2|tlma7ing  rapidity. 

Aforeover,  the  light,  with  wfakh  we  fee  the  man 
fiifTopirded  in  the  dark,  is  an  admirable  confirmation 
of  my  remarks  refpeding  the  eledric  atmofphere 
which  is  difii|fed  round  all  bodies ;  and  you  will  no 
Ipnger  fipd  any  flifficulty  in  the  moll  part  of  elec-r 
trical  phenomena,  however  inexplicable  they  may, 
9t  firft,  appear. 

}9tb  July,  jyii. 
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Dljlin^ive  CharaSler  of  the  two  Species  ofEledlricity. 

YOU  will  pleafe  to  rccoUeft,  that  not  only  glafe 
becomes  eleftric  by  fridion,  but  that  other  fiib- 
llances,  fuch  as  feali]f)g-wax  and  fulphur,  have  the 
fame  property,  in  as  much  as  their  pores  are  likewife 
clofe,  fo  that  whether  you  introduce  into  them  an  ex- 
traordinary quantity  of  ether,  or  extraft  a  part  of 
it,  they  continue  for.  fome  time  in  that  ftate,  nor  is 
the  equilibrium  fo  foon  reftored. 

Accordingly,  infiead  of  a  globe  of  glafs,  globes  of 
fealing-wax  and  ftilphur  are  employed,  which  are 
likewife  made  to  revolve  round  an  axis,  rubbing  at 
the  fame  time  againft  a  cuihion,  in  the  fame  manner 
which  I  defcribed  refpeding  a  globe  of  glais.  Such 
globes  are  thus  rendered  equally  dedric,  and,  on  ap- 
plying to  them  a  bar  of  iron  which  touches  them  ■ 
only  by  flender  filaments  or  fringes  of  metal,  inca* 
pable  of  injuring  the!  globe,  eledricity  is  immediately  * 
communicated  to  that  bar,  from  which  you  may 
afterwards  traiifmit  it  to  other  bodies  at  pleafure. 

Here,  however,  a  very  remarkable  diflference  is. 
obferrable.  A  globe  of  glafs  rendered  dedric  in 
this  manner,  becomeii  furcharged  with  ether,  and 
the  bar  of  iron,  or  other  bodies  brought  into  com- 
munication with  it,  acquire  an  dedridty  of  the  fame  . 
nature ;  or,  in  other  words,  the  ether  contained  is  in 
a  flate  of  too  great  compreflion,  whofe  elaftidty  is 

1 4  increafed* 
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increafed.  This  eleftricity  is  denominated  pofitive  or 
augmented  cleclricity*  But  when  a  globe  of  fealing- 
wax  or  fulphur  is  treated  in  the  feme  manner ;  an 
electricity  diredtly  oppofite  is  the  refult,  which  is  de- 
nomiiiated  negative,  or  dimini/hed  electricity,  as  it  is 
perceived  that,  by  friftion,  thefe  globes  are  deprived 
of  part  of  the  ether  contained  in  their  pores. 

You  will  be  fiirprlzed  to  fee  that  the  fapic  friftion 
b  capable  of  producing  efiiiCb  altogether  oppofite ; 
but  this  depends  on  the  nature  of  the  bodies  which 
undergo  the  friction,  whether  by  communicating  or 
receiving  it,  ahd  of  the  rigjidity  of  t^ir  particles 
which  contain  the  pores*  In  order  to  explain  the 
pofiibility  of  this  difference,  it  is  evident,  at  firft 
fight,  that  when  two  bodies  are  rubbed  violently 
^gainfteaqh  othier,  (h^  pores  of  the  one.mufi;,  in  mofi: 
cafes,  undergo  a  greater  compreffion  than  'thof<^  of 
the  other,  and  that  then,  the  ether  contained  in  the 
pores,  is  extruded,  and  forced  to  infinuate  itfelf  into 
,  thofe  of  the  bodies  which  are  le{s  <:oniprefied. 

.  It  fdllows,  then,  that  in  this  fri^on  of  glafs  againft 
^  cuihion,  the  pores  of  the  cufhion  undergo  a  greater 
compreiuon  than  thofe  of  the  glafs,  and  confequently 
the  ether  of  the  cufhion  n^uft  pafs  into  the  glafs,  and 
produce  in  it  a  pofitiye  or  increafed  eleftricity,  as  I 
have  already  fliewedt  But  On  fubftituting  a  globe 
of  fealiogfwax  or  of  fulphur  in  place  of  the  jglafs,  thefe 
fubftancas  being  fufcepfibk  of  a  greater  degree  of 
coxnpreflion  in  their  pores,  than  the  fubftance  of  the 
pufhion  with  wWch  the  friftion  is  performed,  a  part 
of  the  eth^r  cootainQd  In  thefe  globes  will  be  forced 

out, 
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out,  and  conftrained  to  pafs  into  the  cuihion ;  the 
globe  of  fealing-wax  or  fulphur  will,  thereby,  be  de- 
prived of  part  of  its  ether,  j^nd,  of  courfe,  receive  a 
negative  or  dimnijhed  electricity. 

The  de&ricity  which  a  bar  of  iron,  or  of  any  other- 
metal,  receives  from  communication  with  a  globe  of. 
fealing-wax  or  fulphur,  is  of  the  fame  nature ;  as  is 
alfo  that  which  is  communicated  to  a  man  placed  on 
a  lump  of  pitch,  or  fufpended  by  cords  of  filk.  When 
fuch  a  man,  or  any  other  body,  with  open  pores, 
eleclrified  in  the  fame  manner,  is  touched,  nearly  the 
fame  phenomena  arc  obfervable,  as  in  the  cafe  of  po- 
fitive  eleftricity.  The  touch  is  here  likewife  accom- 
panied with  a  fpark,  and  a  pun&ure  on  both  (ides. 
The  reafon  is  obvious :  for  the  ether  which,  in  this 
cafe,  efcapcs  from  bodies  in  their  natural  Hate,  to 
enter  into  eledlrified  bodies,  being  under  conftr^nt^ 
muft  be  under  an  agitation,  which  produces  light.  A 
icniibic  difference  is,  however,  to  be  remarked  in  the 
figure  of  the  fpark^  according  as  the  deftricity  is  po- 
litivc  or  negative.  See  that  of  pofitive  deftricity : 
flate  IILJig.  5. 

If  the  bar  A  B  poffeffes  pofitive  electricity,  and  the 
finger  C  is  prefented  to  it,  the  light  which  iffues  out 
of  the  bar  appears  under  the  form  of  rays  diverging 
from  the  bar  toward  the  finger  m  »,  and  the  luminous, 
point  is  feen  next  the  finger. 

But  if  the  bar  A  B  (plate  IILfg.  6.  J  is  negativdy 
elecbric,  and  the  finger  C  is  prefented  to  it,  the  lu- 
minous rays  m  n  diverge  from  the  finger,  and  you 
fee  the  luminous j>oint  f  next  the  bar. 

Thii 


122  •  OF    THE    TWO   SPECIES 

This  is  the  principal  charafter  by  which  pofitivc 
is  diftingiiiflicd  from  negative  eleftricity.  From 
whence  foevcr  the  ether  efcapcs,  the  fpark  is  emitted 
in  the  figure  of  rays  diverging  from  that  point ;  but 
when  the  ether  enters  into  a  body,  the  fpark  is  a  lu- 
minous point  toward  the  recipient  body. 
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How  the  fame  Globe  of  Glafs  may  furnifhy  at  oiice^  the 
^         two  Species  of  Eledridty. 

YOU  will  be  enabled  to  fee  ftill  more  clearly  the 
difference  between  pofitive  and  negative  eleftri* 
city,  after  I  have  explained  how  it  is  poflible  to  pro- 
duce, by  one  and  the  fame  globe  of  glafe,  both  the 
fpecies ;  and  this  will  ferve,  at  the  feme  time,  farther 
to  elucidate  thefe  wonderful  phenomena  of  nature. 

lict  A  B  (Opiate  VLfg.  i.J  be  the  globe  of  glafs, 
turning  round  its  axis  C,  and  rubbed  againft^by  the 
culhion  D,  in  an  oppofite  direcHon  to  which  the 
globens  touched  by  the  metallic  filaments  F,  attached 
to  the  bar  of  iron  FG,  which  is  fufpended  by  cords 
of  filk  H  and  I,  that  it  may  no  where  touch  bodies 
with  open  pores. 

This  being  laid  down,  you  know  that,  by  friction 
a^inft  the  cufhion  D,  the  ether  paffes  from  the 
cufliion  into  the  glafs,  from  which  it  becomes  more 
compreffed,  and  confequently  more  elaftic :  it  will 
pafs,  therefore,  from  thence,  bv  the  metallic  filaments 
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F,  into  the  bar  of  iron  F  G :  for  though  the  pores 
of  glafs  are  abundantly  dofe,  as  the  ether  in  the  globe 
28  continually  accumulating  by  the  fnftion,  it  foon 
becomes  i^  overcharged^  that  it  eicapes  by  the  metallic 
filaments,  and  difchai^es  itfdf  into  the  bar,  by  which 
this  laft  becomes  equally  eledric 

Hence  you  perceive,  that  all  this  fuperfluity  of  ether 
is  fupplied  by  the  cuihion,  which  would  Ipeedily  be 
exhaufted,  unlefs  it  had  a  free  communication  With 
the  frame  which  fupports  the  machine,  and  thereby 
with  the  whole  earth  which  is  every  inftant  fupplying 
the  cufhion  with  new  ether,  fo  that  as  long  as'thc 
friction  continues,  there  is  a  quantity  fufficient  farther 
to  comprefs  that  which  is  in  the  globe  and  in  the  bar. 
But  if  the  whole  machinery  is  made  to  reft  on  pillars 
of  glafs,  as  M  and  N,  or  if  it  is  fufpended  by  cords  of 
filk,  that  the  culluon  may  have  no  communication 
with  bodies  whofe  pores  are  open,  which  might  fupply 
the  deficiency  of  ether,  it  would  foon  be  exhaufted^ 
and  the  eledricity  could  not  be  conveyed  into  the 
globe  and  the  bar,  beyond  a  certain  degree,  which 
will  be  fcarcely  perceptible,  unlefs  the  cufhion  be  of 
a  prodi^ous  fize*  To  fupfdy  this  defed,  the  cufhion 
D  is  put  in  communication  with  a  large  mafs  of  metal 
£,  the  ether  of  which  is  fufficient  to  fupply  the  globe 
and  the  bar,  and  to  carry  it  to  fuch  a  high  degree  of 
compreffion. 

You  will  thus  procure  to  the  globe  and  to  the  bar 
a  pofitive  eledricity,  as  has  been  already  explained* 
But  in  proportion  as  they  become  furcharged  with 
fther,  th^  cvihion  and  the  metallic  mafs  £  will  lofe 

the 
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the  fame  quantity,  and  thereby  acquire  a  negative 
deftricity :  fo  that  wc  have  here,  at  once,  the  two 
Species  of  dedricity ;  the  poiitive  in  the  bar,  and  the  . 
'  negative  in  the  metallic  mafs.  Each  produces  its 
effed:  confonnably  to  its  nature.  On  prefenting  a 
finger  to  the  bar,  a  fpark  with  divergent  rays  will 
iffue  from  the  bar,  and  the  luminous  point  will  be 
ieen  toward  the  finger  j  but  if  you  prefent  the  finger 
to  the  metallic  mafs,  the  fpark  with  divergent  rays 
will  ifiue  from  the  finger,  and  you  will  fee  the  lumi-i^ 
nous  point  toward  the  mais.. 

Let  us  fuppofe  two  men  placed  on  lumps  of  pitch, 
to  cut  ofi'all  communication  between  them  and  bodies 
with  open  pores :  let  the  one  touch  the  bar,  and  the 
other  the  metallic  mafs,  while  the  machine  is  put  in 
motion ;  it  is  evident  that  the  former  will  become 
pofitiyely  electric,  or  furcharged  with  ether,  whereas 
the  other,  he  who  touches  the  rhetallic  mafs,  will  ac« 
quire  a  negative  eledridty,  and  lofe  his  ether. 

Here  then  are  two  deftric  men,  but  in  a  manner 
totally  different,  though  i*endcred  fuch  by  the  fame 
machine.  Both  will  be  furrounded  by  an  electric 
atmofphere,  which,  in  the  dark,  will  appear  like  the 
Kght  that  painters  throw  about  the  figures  of  faints. 
The  rcafon  is,  that  the  .fupcrfluous  ether  of  the  one 
infenfibly  efcap^  into  the  circumambient  air ;  and 
that,  with  refpeft  to  the  other,  the  ether  contained  in 
the  air  infenfibly  infinuates  itfelf -into  his  body.  This 
tranfition,  though  infenfiblci  will  be  accompanied 
with  an  agitation  of  ether,  which  produces  light. 

It  is  evident  that  thefe  two  fpeciea  of  dectricity  ate 
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direAly  oppofite  j  buf  in  order  to  have  a  thorough 
conviction  pf  it,  let  thefc  two  join  haiids^  or  only 
touch  each  other,  and.  you  will  fee  very  vehement 
iparks  iiTue  frona  their  bodies,  and  they  themfelves 
will  ftel  very  acute  pain. 

If  they  were  electrified  in  the  fame  manner,  which 
Y^ould  be  the  cafe  if  both  touched -the  bar  or  the  me* 
tallic  m^,  they  might  fafdy  touch  each  other ;  no 
fpark,  and  no  pain,  would  enfue,  beqiufc  the  ether 
contained  in  b9th  would  be  in  the  iame  ftate;  whereas 
in  the  cafe  laid  down^  their  ftate  is  direcUy  oppofite* 

LETTER    XXXIV. 
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The  Leyden  Experiment. 

NOW  proceed  to  defcribe  a  phenomenon  of  elcc* 
tricity,  which  has  made  a  grea^  deal  of  noife,  and 
which.is  known  by  the  name  of  the  Leyden  experiment j 
becaufe  Mr.  Moufchenbroeckj  profeffor  at  Leyden,  is 
the  inventor  of  it.  What  is  moft  aftonifhing  in  this 
experiment,  is  the  terrible  ftroke  refulting  from  it, 
by  which  feveral  peribns  at  once  may  receive  a  very, 
violent  Ibock. 

Let  C  be  a  globe  of  gla&,  turned  round  by  meana^ 
of  the  handle  E,  and  rubbed  by  the  cuftrion  D  D, 
which  is  preffed  upon  the  globe  by  the  fpring  O. 
At  Q  are  the  metallic  filaments,  which  tranfinit  the 
eleclricity  into  the  bar  of  iron  F  G,  by  the  metallic 
diain  P, 
VI  6  Hitherto 
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•  Hitherto  there  is  nothing  different  from  the  pro- 
ccfe  already  defcribed^  But  in  order  to  execute  the 
experiment  in  queftion,  to  the  bar  is  attached  ano- 
ther  chain  of  metal  H,  one  extremity  of  which  I,  is 
introduced  into  a  glafe-bottle  K  K,  filled  with  water  j 
the  botde  too  is  placed  in  a  bafon  L  L^  likewife  filled 
with  water*  You  plunge,  at  pleafure,  into  the  water 
in  the  bafon  another  chain  A,  one  end  of  which 
drags  on  the  floor* 

Having  put  the  machine  in  motion  for  fome  time, 
that  the  bar  may  become  fuificiently  eleftric,  you 
know  that  if  the  finger  were  to  be  prefented  to  the 
extremity  of  the  bar  at  a^  the  ufual  ftroke  of  elec- 
tricity would  be  felt,  from  the  fpark  ifluing  out  of  it* 
But  were  the  fame  perfon,  at  the  fame  time,  to  put 
the  other  hand  into  the  water  in  the  bafon  at  A,  or 
were  he  but  to  touch  with  any  part  of  his  body  the 
chain  plunged  in  that  water,  he  would  receive  a 
ftroke  incomparaljly  more  violent,  by  which  his 
whole  frame  would  undergo  a  fevere  agitation. 

This  fhock  may  be  communicated  to  many  per- 
fons  at  once.  They  have  only  to  join  hands,  or  to 
touch  each  other  were  it  but  by  the  clothes ;  then 
the  firft  puts  his  hand  into  the  water  in  the  bafon, 
or  touches  the  chain  only,  one  end  of  which  is 
plunged  into  it,  and  as  foon  as  the  laft  perfon  applies 
his  finger  to  the  bar,  you  will  fee  a  fpark  dart  from  it 
much  more  vehement  than  ufual,  and  the  whole 
chain  of  pcrfons  feel,  at  the  fame  inftant,  a  very  vio- 
lent fhock  over  their  whole  body. 

Such  is  the  famous  Ley  den  experiment,  which  is 
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lb  much  the  more  furprizing,  that  it  is  difficult  to 
fee  how  the  bottle,  and  the  water  in  the  bafon,  con- 
tribute to  increafe  fo  confiderably  tlie  effect  of  the 
dechricity.  To  folve  this  difficulty,  permit  me  to 
make  the  following  reflexions. 

I.  • 
While,  by  the  action  of  the  machine,  the  ether  is 
copipriefied  in  the  bar,  it  paffes  by  the  chain  H  into 
the  water  con tsuned  in  the  bottle  I,  and  there  meet- 
ing a  body  with  open  pores,  the  water  in  the  bottle 
will  become  as  riiuch  farcharged  with  ether  as  the 
bar  itfelf. 

n. 

The  botde,  being  glafs,  has  its  pores  clofe,  and 
therefore  permits  not  the  ether,  compreffed  within  it, 
to  pierce  through  the  fubftance  of  the  glafs,  to  dif- 
charge  itfelf  into  the  water  in  the  bafon;  confe- 
quently  the  water  in  the  bafon  remains  in  its  natural 
ftate,  and  will  not  become  electric ;  or  even  on  the 
(uppofition  that  a  little  of  the  ether  might  force  its 
way  through  the  glafs,  it  would  prefently  be  loft  in 
the  bafon  and  pedeftal,  the  pores  of  which  are  open. 

HI. 

Let  us  now  confider  the  cafe  of  a  man  with  one 
hand  in  the  water  in  the  bafon^  or  only  in  contact 
with  the-  chain  A,  one  extremity  of  which  is  im-^ 
merfed  iu  that  water ;  let  him  prefent  the  other  hand 
to  the  bar  at  a,  the  refult  will  be,  as  the  firft  effed, 
that  with  the  fpark  which  iffues  from  the  bar,  the 
ether  will  make  its  efcape  with  great  velocity,  and 

meeting 
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meeting  every  where,  in  the  body  of  the  man,  open 
pores,  will  without  obflruftion  be  diffuled.ovcr  it. 

IV. 

Hitherto  we  fee  only  the  ufual  effecl:  of  eleftricity ; 
but  while  the  ether  with  fuch  rapidity  flies  over  the 
body  of  the  man,  it  difcharges  itfelf  with  eqlial  ra- 
pidity, by  the  other  hand,  or  by  the  chain  A,  into 
the  water  in  the  bafon  ;  and  as  it  enters  this  with 
fuch  impetuofity,  it  will  eafily  overcome  the  obftacle 
oppofed  by  the  glafs,  and  penetrate  into  the  water 
which  the  bottle  contains. 

V. 

Now  the  water  in  the  bottle  containing  already  an 
ether  too  much  comprefied ;  it  will  acquire^  from 
this  increafe,  new  force,  and  will  diSufe  itfelf  with 
impetuofity  as  well  through  the  chain  I H,  as  through 
the  bar  itfelf :  it  will,  of  confeqUence,  make  its  efcape 
thence  at  a  with  new  efforts ;  and  ad  this  is  per- 
formed in  an  infiant,  it  will  enter  into  the  finger 
with  increafed  force,  to  be  diffuied  over  the  whole 
body  of  the  man. 

VI. 

Faffing  thence  a-new  into  the  water  in  the  bafon, 
and  penetrating  the  bottle,  it  will  increafe  ftill  farther 
the  agitation  of  the  ether  cortipreffed  in  the  water 
of  the  bottle,  and  in  the  bar  ;  and  this  will  continue 
till  the  whole  is  reftored  to  equilibrium,  which  will 
quickly  take  place,  from  the  great  rapidity  with  which 
the  ether  ads. 

Vn.  The 
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VII. 
The  fame  thing  will  happen  if  you  employ  feveral 
perfons  inftead  of  one  man.  And  now,  I  flatter  my- 
felf,  you  fully  comprehend  whence  arifes  the  furpriz- 
ing  increafe  of  force  in  the  electricity  which  is  pro- 
duced by  this  experiment  of  Mr.  Moufchenbroeck^  and 
which  exhibits  effeds  fo  prodigious. 

VIII. 
If  any  doubt  could  remain  refpefting  what  I  have 

advanced,  that  the  ether  comprefled  in  the  water  of 
the  bottle  could  not  penetrate  through  the  glafs,  and 
that  afterwards  I  have  allowed  it  a  paflage  abundantly 
free ;  fuch  doubt  will  vanifh  when  it  is  confidered, 
that,  in  the  firfl:  cafe,  every  thing  is  in  a  ftate  of  tran- 
quillity, and,  in  the  lajft,  the.  ether  is  in  a  terrible  agi- 
tation,  which  muft  undoubtedly  ajpift  its  progrefi 
through  the  dofeft  paffages, 

2Zth  Julyy   1761. 
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Reflexions  on  the  Caufe  and  Nature  ofEledricify^  and  on 
other  Means  proper  to  produce  it^ 

AFTER  thefe  elucidations,  you  can  be  at  no  lo6 
refpefting  the  caufe  of  the  prodigious  effefts 
obf^vable  in  the  phenomena  of  eleftricity. 

Mofl  authors  who  have  treated  the  fubjeft,  per* 

plex  the  experiments  in  fuch  a  manner,  that  they  arc 

rendered  abfolutely  unintelligible,  efpeqially  when 

they  attempt  an  explanation.     They  have  recourfe  to 

Vol.  II.  K  a  certain 
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fupplies  the  place  of  friflion.  When  you  heat  or 
melt  fealing-wax,  or  fulphur,  in  a  fpoon,  you  dif- 
cover  a  very  fenfible  eleftricity  in  thefe  fubftances, 
after  they  are  cooled.  The  reafon  is  no  longer  a 
myftery,  as  we  know  that  heat  enlarges  the  pores  of 
all  bodies,  for  they  occupy  a  greater  fpace  when  hot 
than  when  they  are  cold. 

You  know  that,  in  a  thermometer,  the  mercury 
rifes  in  heat,  and  falls  in  cold  ;  becaufe  it  occupies  a 
greater  fpace  when  it  is  hot,  and  fills  the  tube  more 
than  when  it  is  cold.  We  find,  for  the  fame  reafon, 
that  a  bar  of  iron  very  hot  is  always  fomewhat  longer 
than  when  cpld;  a  property  common  to  all  bodies 
with  which  we  are  acquainted. 

When,  therefore,  we  melt,  by  fire,  a  mafe  of  feal- 
ing-wax, or  fulphur,  their  pores  are  enlarged,  and 
probably  more  open ;  a  greater  quantity  of  ether 
muft,  of  courfei  be  introduced  to  fill  them.  When, 
afterwards,  thefe  fubftances  are  fijfFered  to  cool,  the 
pores  contract  and  clofe,  fo  that  the  ether  in  them 
is  reduced  to  a  fmaller  fpace,  and  confequently  car- 
ried to  a  higher  degree  of  compreffipn,  which  in- 
creafos  it*s  elafticity :  thefe  maffes  will  acquire,  there*. 
fore,  a  pofitive  ele6h:icity,  and  muft  confequently 
exhibit  the  efFefts  of  it.  .  . 

This  property  of  becoming  eleftric  by  heat  is  re- 
marked  in  mpft  precious  ftohes.  Nay  there  is  a  ftone 
found  in  Ceylon,  named  Tourmalin,  which,  rubbed 
or  heated,  acquires  at  once  the  two  fpecies  of  elec- 
tricity. The  ether  in  one  part  of  the  ftone  is.  ex- 
pelled' 
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pelled,  to  comprefi  more  that  which  is  in  the  other 
part ;  and  its  pores  are  too  dofe  to  perjnit  the  re- 
eflablifhment  of  the  equilibrium. 

ift  Anguft,  1 761, 
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Nature  of  Thunder :  Explanations  of  the  ancient  Phi^ 
lofofhersj  and  of  Defcartes :  Refemblance  of  the  Phe- 
norHena  of  Thunder ^  and  thofe  of  Eledricity. 

I  HAVE,  Iiitherto,  confidered  eleftricity  only  as  an 
objcd:  of  curiofity  and  fpeculation  to  naturalifts : 
but  you  will  preferitly  fee,  not  without  fome  degree 
of  fiirprize,  that  thunder  and  lightning,  as  well  as 
all  the  terrible  phenomena  which  accompany  them, 
derive  their  origin  from  the  fame  principle;  and 
that  in  thefe,  nature  executes,  on  the  great  fcale,  what 
naturaUfts  do  in  miniature,  by  their  experiments. 

Thofe  philofophers,  who  thought  they  faw  fome 
refemblance  between  the  phenomena  of  thunder  and 
thofe  of  deftricity,  were  at  firft  confidered  as  vi- 
fionaries ;  -and  it  was  imagined  that  they  made  ufe 
of  this  pretence  merely  as  a  cover  to  their  ignorance 
refpefting  the  caufe  of  thunder ;  but  you  will  foon 
be  convinced,  that  every  other  explanation  of  thefe 
grand  operations  of  nature  is  deftitute  of  foundation. 

In  truth,  every  thing  advanced  on  the  fubjed,  pre- 
vious to  the  knowledge  of  eleftricity,  was  a  mafs  of 
abfurdity,  and  little  calculated  to  convey  inftruftion 
refpeding  any,  the  ieaft,  phenomena  of  thunder. 

K  3  Ancient 
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Andent  philofophers  attributed  the  caufe  of  it  to 
fulphureou^  and  bituminous  vapours,  which,  afcend- 
ing  from  the  earth  into  the  air,  mixed  with  the 
clouds,  where  they  caught  fire,  from  fome  unknown 
caufe. 

De/cartes,  who  quickly  perceived  the  infufficiency 
of  this  explanation,  imagined  another  caufe  in  the 
clouds  themfelves,  and  thought  that  thunder  might 
be  produced  by  the  fudden  fall  of  more  elevated 
clouds,  on  others  in  a  lower  region  of  the  air ;  that 
the  air,  contained  in  the  intermediate  fpace,  was 
compreffed  by  this  fall,  to  fuch  a  degree  as  was  ca- 
pable of  exciting  a  noife  fb  loud,  and  even  of  pro- 
ducing lightning  and  thunder,  though  it  was  impof- 
fible  for  hiiu  to  demonffarate  the  pofiibility  of  it. 

But,  without  detaining  your  attention  on  falfe  ex* 
phnations  which  lead  to  nothing,  I  haften  forward 
to  inform  you,  that  it  has  been  difcovered  by  incon- 
teftable  proofs,  that  the  phenomena  of  thunder  are^ 
always  accompanied  by  the  mofl  indubitable  marks 
of  electricity. 

Let  a  bar  of  metal,  fay  of  iron,  be  placed  on  a 
pillar  of  glafs,  or  any  other  fubftance  whofe  pores 
are  clofe,  that  when  the  bar  acquires  eledrictty,  it 
may  not  efcape,  or  communicate  itfelf  to  the  body 
which  fupports  the  bar ;  as  foon  as  a  thunder-ftomx 
arifes,  and  the  clouds  which  contain  the  thunder 
come  direftly  over  the  bar,  you  perceive  in  it  a  very 
flrong  eleftricity,  generally  far  furpafiing  that  whidi 
art  produces ;  if  you  apply  the  hand  to  it,  or  any 
other  body  with  open  pores,  you  fee  buriling  from 
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it,  not  only  a  fpark,  but  a  very  bright  flafli,  with  a 
noife  fimilar  to  thunder ;  the  man,  who  applies  his 
hand  to  it,  receives  a  ihock  fo  violent  that  he  is 
ftunned.  This  furpaffes  curiofity,  and  there  is  good 
reafon  why  we  fhould  be  on  our  guard,  and  not  ap- 
proach the  bar  during  a  ilorm. 

A  profeflbr  at  Peterfburgh,  named  Ric^mann^  has 
furnifhed  a  melancholy  example.  Having  perceived 
a  refemblance  fo  ftriking  between  the  phenomena  of 
thunder  and  thofe  of  eledricity,  this  unfortunate  na- 
turalift,  the  more  clearly  to  afcertsdn  it  by  experi- 
ment, raifed  a  bar  of  iron  on  the  roof  of  his  houfe, 
cafed  below  in  a  tube  of  glafs,  and  fupported  by  a 
mafs  of  pitch.  To  the  bar  he  attached  a  wire,  which 
he  conduded  into  his  chamber,  that  as  foon  as  the 
bsur  fhould  become  eleftric,  the  eleftridty  might  have 
a  free  communication  with  the  wire,  and  fo  enable 
him  to  prove  the  eflFefts  in  his  apartment.  And  it 
may  be  proper  to  inform  you,  that  this  wire  wus 
conduced  in  fuch  a  manner  as  no  where  to  be  in 
contact  but  with  bodies  whofe  pores  are  clofe,  fuch 
as  glafs,  pitch,  or  filk,  to  prevent  the  efcape  of  the 
eledricity. 

Having  made  this  arrangement,  he  expefted  a 
thunder-ftorm,  which,  unhappily  for  him,  foon  came. 
The  thunder  was  heard  at  a  diftance ;  Mr.  Richmann 
was  all  attention  to  his  wire,  to  fee  if  he  could  per- 
ceive any  inark  of  eleftricity.  As  the  ftorm  ap- 
proached, he  judged  it  prudent  to  employ  fome  pre- 
caution, and  not  keep  too  near  the  wire ;  but  hap- 
pening careleisly  to  advance  his  cheft  a  little,  he  re- 

K  4  .    ceivcd 
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ccived  a  terrible  ftroke,  accompanied  with  a  loud 
clap,  which  ftrctched  him  lifelefs  on  the  floor. 

About  the  fame  time,  the  late  Dr.  Lieberkuhn  and 
Dr.  Ludolf  were  about  making  fimilar  experiments 
in  this  city,  and  in  that  view  liad  fixed  bars  of  iron 
on  their  houfes ;  but  being  informed  of  the  difafler 
which  had  befallen  Mr.  Richmann^  they  had  the  bars 
of  iron  immediately  removed,  and,  in  my  opinion, 
they  afted  wifely. 

•  From  this  you  will  readily  judge,  that  the  air  or 
atmofphere  mufl  become  very  electric  during  a 
thunder-florm,  or  that  the  ether  contained  in  it  mufl 
then  be  carried  to  a  very  high  degree  of  compreflion. 
This  ether,  with  which  the  air  is  furcharged,  will 
pafs  into  the  bar,  becaufe  of,  it's  open  pores,  and  it 
will  become  eleftric,  as  it  would  have  been  in  the 
common  method,  but  in  a  much  higher  degree. 

4/A  Auguji^   1 76 1. 

LETTER    XXXyil.  w 

Explanation  of  the  Phenomena  of  Lightning  and 

Thunder. 

THE  experiments  now  mentioned  inconteflably 
demonflrate,  therefore,  that  flormy  clouds  are 
extremely  eleftrical,  and  that,  confequently,  their 
pores  are  either  furc|iarged  with  ether,  or  exhaufted, 
as  both  flates  are  equally  adapted  to  eleftricity.  But 
I  have  very  powerful  reafons  for  believing  that  this 
electricity  is  pofitive,  that  the  ether  in  them  is  com- 

preflfed 
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preffed  to  the  highcft  degree,  and,  conlequently,  fo 
much  the  more  claftic  than  elfc where. 

Such  ftorms  ufually  fucceed  very  fultry  weather. 
The  pores  of  the  air,  and  of  the  vapours  floating  in 
it,  are  then  extremely  enlarged,  and  filled  with  a 
prodigious  quantity  of  ether,  which  eafily  takes  pof- 
feflion  of  all  the  empty  fpaces  of  other  fubftances. 
But  when  the  vapours  colleft  in  the  fuperior  regions 
of  our  atmofphere,  there  to  form  clouds,  they  have 
to  encounter  exceflive  cold.  Of  this  it  is  impoflible 
to  doubt,  from  the  hail  which  is  frequently  formed 
in  thefe  regions ;  this  is  a  fufElcient  proof  of  conge- 
lation, as  well  as  the  fnow  which  we  find  on  the  tops 
of  very  high  mountains,  fuch  as  the  Cordeliers, 
w^hile  extreme  heat  prevails  below. 

Nothing  then  is  more  certain,  or  better  eftabliflied 
by  proof,  than  the  exceflive  cold  which  univerfally 
prevails  in  the  upper  regions  of  the  atmofphere, 
where  clouds  are  formed.  It  is  equally  certain,  that 
cold  contracts  the  pores  of  bodies,  by  reducing  them 
to  aimaUer  fize:  now,  as  the  pores  of  the  vapours 
hav£  been  extremely  enlarged  by  the  heat,  as  foon 
as  they  are  formed  aloft  into  douds,  the  pores  con- 
traft,  and  the  ether  which  filled  them,  not  being  able 
to  efcape,  becaufe  thofe  of  the  air  are  very  clofe,  it 
needs  muft  remain  there :  it  will  be  of  courfe  com- 
prefled  to  a  much  higher  degree  of  denfity,  and,  con- 
fequently,  it's  elaftigity  will  be  fo  much  the  greater. 

The  r^al  ftate  of  ftormy  clouds,  then^  is  this,  the 
ethier  contained  in  their  pores,  is  much  more  elaftic 
than  ufual,  or,  in  other  words,  the  clouds  have  a  po- 

fitivc 
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fitive  eleftricity.  As  they  are  only  an  affemblage  of 
humid  vapours,  their  pores  are  very  open,  but  be- 
ing furrounded  by  the  air  whofe  pores  arc  clofe,  this 
ether  could  not  efcape  but  very  imperceptiWy,  But 
if  any  perfon,  or  any  body  whatever,  with  open  pores, 
were  to  approach  it,  the  fame  phenomena  which 
eleftricity  exhibits  would  prefent  themfelves;  a  very 
vehenacnt  fpark,  or  rather  a  real  jBalh,  would  burft 
forth.  Nay  more,  the  body  would  undergo  a  very 
violent  fhock  by  the  difcharge,  from  the  impetuofity 
with  which  the  ether  in  the  cloud  would  rufh  into 
it's  pores.  This  fliock  might  be  indeed  fo  violent  as 
to  dcftroy  the  ftrufture ;  and,  finally,  the  terrible 
agitation  of  the  ether  which  burfts  from  the  cloud, 
being  not  only  light,  but  a  real  fire,  it  might  be 
capable  of  kindling  and  confuming  combuftible  bo- 
dies. 

Here,  then,  you  will  diftinguifli  all  the  circum- 
ftances  which  accompany  thunder;  and  as  to  the 
noife  of  thunder^  the  caufe  is  very  obvious,  for  it  is 
impolfible  the  ether  fliould  be  in  fuch  a  ftate  of  agi- 
tation, without  the  air  itfelf  receiving  from  it  the 
moft  violent  concuffions,  which  forcibly  impel  the 
particles,  and  excite  a  dreadful  noife.  Thunder,  then, 
burfts  forth,  as  often  as  the  force  of  ether  contained 
in  the  clouds  is,  capable  of  penetrating  into  a  body, 
where  the  ether  is  in  it's  natural  ftate,  and  whofe 
pores  arc  open :  it  is  not  even  neceflary  that  fuch 
body  fliould  immediately  touch  the  cloud. 

What  I  have  faid  refpe£ting  the  atmofphere  of 

eleftrified  bodies,  principally  takes  place  in  clouds ; 

7  and 
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and  frequendy,  during  a  ftorm,  we  are  made  fenfible 
of  this  elecbric  atmofphere  by  a  ftifling  air,  which  is 
particuhrly  oppreflive  to  certain  perfons.  As  foon 
as  the  cloud  begms  to  diffolve  into  rain,  the  air,  be- 
coming humid  by  it,  is  charged  with  an  elei^ricity 
by  which  the  commotion  may  be  conveyed  to  bodies 
at  a  very  great  difiance. 

It  is  obferved  that  thunder  ufually  ftrikes  very  ele- 
vated bodies,  fuch  as  the  fummits  of  church-fpires^ 
when  they  confift  of  fubflances  with  open  pores,  as 
all  metals  are ;  and  the  pointed  form  contributes  not 
a  little  to  it.  Thunder  frequently  faUs,  likewife,  on 
water,^  the  pores  of  which  are  very  open ;  but  bo- 
dies with  cloie  pores,  as  glafs,  pitch,  fulphur,  and 
filk,  are  not  greatly  fufceptible  of  the  thunder  ftroke, 
iinlefs  they  are  very  much  moiftened.  It  has  beeu 
accordingly  obferved,  that  when  thunder  paffes 
through  a  window,  it  does  not  perforate  the  glafs, 
but  always  the  lead  or  other  fubftances  which  unite 
the  panes.  It  is  almoft  certain,  that  an  apartment 
of  gla£  cemented  by  pitch,  or  any  other  fubftance 
with  clofe  pores, would  be  an  efFeftual  fecurity  againft 
the  ravages  of  thunder. 
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Continuation. 


nPHUNDER,  then,  is  nothing  elfe  but  the  effect 
-^  of  the  eleftricity  with  which  the  clouds  are 
endowed;  and  as  an  eleftrified  body,  applied  to  an- 
other in  it*s  natural  ftate,  emits  a  fpark  with  fomc 
noife,  and  difcharges  into  it  the  fuperfluous  ether, 
with  prodigious  impetuofity ;  the  fame  thing  takes 
place  in  a  cloud  that  is  eleftric,  or  furcharged  with 
ether,  but  with  a  force  incomparably  greater,  becaufe 
of  the  terrible  mafs  that  is  eleftrified,  and  in  which, 
according  to  every  appearance,  the  ether  is  reduced 
to  a  much  higher  degree  of  compreffion  than  we  arc 
capable  of  carrying  it  by  our  machinery. 

When,  therefore,  fuch  a  cloud  approaches  bodies, 
prepared  for  the  admiffion  of  it's  ether,  this  difcharge 
muft  be  made  with  incredible  violence :  inftead  of  a 
iimple  fpark,  the  air  will  be  penetrated  with  a  pro* 
digious  flafli,  which,  exciting  a  commotion  in  the 
ether  contained  in  the  whole  adjoining  region  of  the 
atmofphere,  produces  a  moft  brilliant  light ;  and  in 
this  lightning  confifts. 

The  air  is,  at  the  fame  time,  put  into  a  very  vio- 
lent motion  of  vibration,  from  which  refults  the 
noife  of  thunder.  This  noife  muft,  no  doubt,  be  ex- 
cited  at  the  fame  inftant  with  the  lightning ;  but  you 
know  that  found  always  requires  a  certain  quantity 
of  time,  in  order  to  it's  tranfmiffion  to  any  diftance, 

and 
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and  that  its  progrefs  is  only  at  the  rate  of  about  a 
thoufand  feet  in  a  fecond ;  whereas  light  travels  with 
a  velocity  inconceivably  greater.  Hence  we  always 
hear  the  thunder  later  than  we  fee  the  lightning : 
and  from  the  number  of  feconds  intervening  between 
the  flafh  and  the  report,  we  are  enabled  to  determine 
the  diftance  of  the  place  where  it  is  generated,  allow- 
ing a  thoufand  feet  to  a  fecond. 

The  body  itfelf,  into  which  the  eleftricity  of  the 
cloud  is  difcharged,  receives  from  it  a  moft  dreadful 
firoke;  fometimes  it  is  Ihivered  to  pieces ;  fometimes 
fet  on  fire  and  confumed,  if  combuftible ;  fometimes 
melted,  if  it  be  of  metal :  and,  in  fuch  cafes,  we  fay- 
it  is  thunder-ftruck ;  the  effeAs  of  which,  however 
furprizing  and  extraordinary  they  may  appear,  ate  in 
perfect  confiftency  with  the  well-known  phenomena 
of  eleftricity. 

A  fword,  it  is  known,  has  fometimes  been  by 
thunder  melted  in  the  fcabbard,  while  the  laft  fuf- 
tained  no  injury :  this  is  to  be  accounted  for,  from 
the  opennefs  of  the  pores  of  the  metal,  which  the 
ether  very  eafily  penetrates,  and  exerfifes  over  it  all 
its  powers,  whereas  the  fubftance  of  the  fcabbard  is 
more  clofely  allied  to  the  nature  of  bodies  with  clofe 
pores,  which  permit  not  to  the  ether  fo  free  a  tranf- 
miffion. 

-It  has  likewife  been  found^  that  of  feveral  perfons, 
on  whom  the  thunder  has  fallen,  fome  only  have 
been  ftruck  by  it ;  and  that  thofe  who  were  in  the 
middle  fuflfered  no  injury.  The  caufe  of  this  pheno- 
menon likewife  is  mwifefi.    In  a  group  expofed  to 

a  thunder 
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a  thunder  ftorm,  they  are  in  the  greateft  danger  who 
ftand  in  the  neareft  vicinity  to  the  air  that  is  fur- 
charged  with  ether ;  as  foon  as  the  ether  is  difcharged 
upon  one^  aD  the  adjoining  air  is  brought  back  to  its 
natural  ftate,  and  confequently  thofc  who  were  neareft 
to  the  unfortunate  victim  feel  no  effect ;  while  others^ 
at  a  greater  diftance,  where  the  air  is  ftill  fufficiently 
furcharged  with  ether,  are  ftruck  with  the  &me 
thunder  clap. 

In  a  word,  all  the  ftrange  circumftances,  fo  fre-^ 
quently  related,  of  the  effcfts  of  thunder,  contain 
nothing  which  may  not  be  eafily  reconciled  with  the 
nature  of  electricity. 

Sonie  philofophers  have  maintained,  that  tbundet 
did  not  •  come  from  the  clouds,  but  from  the  earthy 
or  bodies.  However  extravagant  this  fentiment  may 
appear,  it  is  not  fo  abfurd,  as  it  is  diilicult  to  diftin- 
guifli,  in  the  phenomena  of  eleftricity,  whether  the 
fpark  iffues  from  the  body  which  is  eledrified,  or 
from  that  which  is  not  fo,  as  it  equally  fills  the  fpace 
between  the  two  bodies ;  and  if  the  eleftridty  is  ne- 
gativjs,  the  et||er  and  the  fpark  are  in  effeft  emitted 
from  the  natural  or  non-declrified  body.  But  we 
are  fufficiently  affured  that,  in  thunder,  the  clouda 
have  a  pofitive  eleftricity,  and  that  the  lightning  is 
emitted  from  the  clouds. 

•  You  will  be  juftifiable  however  in  a&ing,.  if  by 
every  ftroke  of  thunder,  feme  terreftrial  body  is  af- 
fected ?  Wc  fee,  in  feift,  that  it  very  rarely  ftrikes 
buildings,  or  the  human  body ;  but  we  know?  at  the 
fame  time,  that  trees  are  frequendy  affeded  by  it,  and 

that 
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that  many  thunder-ftrokes  are  difcharged  into  the 
earth  and  into  the  water.  I  believe,  however,  it 
might  be  maintained,  that  a  great  many  do  not  de- 
fcend  fo  low,  and  that  the  eleftricity  of  the  clouds  is 
very  frequently  difcharged  into  the  air  or  atmofphere* 

The  fmall  opening  of  the  pores  of  the  air  no  longer 
oppofes  any  obftruftion  to  it,  when  vapours  or  rain 
have  rendered  it  fufficientljr  humid ;  for  then,  we 
know,  the  pores  open. 

It  may  very  poflibly  happen,  in  this  cafe,  that  the 
fuperfluous  ether  of  the  clouds  fhould  be  difcharged 
iimply  into  the  air ;  and  when  this  takes  place,  the 
ftrokes  are  neither  fo  violent,  nor  accompanied  with 
fo  great  a  noife,  as  when  the  thunder  burfts  on  the 
earth,  when  a  much  greater  extent  of  atmoiphere  is 
put  in  agitation. 

lUh  Augufii  1 76 1. 
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LETTER    XXXIX. 

The  Po/Jlbility  of  preventing^  and  of  avertings  the  EffeSs 

of  Thunder. 

TT  has  been  alked.  Whether  it  might  not  be  pof- 
-*•  fible  to  prevent,  or  to  avert,  the  fatal  effeds  of 
thunder  ?  You  are  well  aware  of  the  importance  of 
the  queftion,  and  under  what  obligation  I  fhould  lay 
a  multitude  of  worthy  people,  were  I  able  to  indicate 
an  infallible  method  of  finding  protection  againfi 
thunder. 
The  knowledge  of  the  nature  and  eflfeds  of  elec- 
tricity. 
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tricity,  permits  me  not  to  'doubt  that  the  thing  is 
poffible.  I  correfponded  fomc  time  ago  with  a  Mo- 
ravian prieft,  named  Procopius  Divifch^  who  affured 
me  that  he  had  averted,  during  a  whole  fummer, 
every  thunder-ftorm  which  threatened  his  own  habi- 
tation, and  the  neighbourhood,  by  means  of  a  ma- 
chine conftrufted  on  the  principles  of  eleftricity.  Se- 
veral perfons,  iince  arrived  from  that  country,  have 
affured  me  that  the  fact  is  undoubted,  and  confirmed 
by  irrefiftiUe  proof. 

But  there  are  many  refpeclable  charafters,  who, 
on.  the  fuppofition  that  the  thing  is  prafticable,  would 
have  their  fcruples  rcfpeding  the  lawfulnefs  of  em- 
ploying fuch  a  prefcrvative.  The  ancient  pagans^  no 
doubt,  would  have  confidered  him  as  impious,  who 
fhould  have  prefumed  to  interfere  with  Jupiter^  in 
the  direction  of  his  thunder.  Chriftians,  who  are 
affured  that  thunder  is  the  work;  of  God,  and  that 
Divine  Providence  frequently  employs  it  to  punifh 
the  wickednefs  of  men, might  with  equal  reafon  allege, 
that  it  were  impiety  to  attempt  to  oppofe  the  courfe 
of  fovereign  julUce. 

Without  involving  myfelf  in  this  delicate  difcuf- 
fion,I  remark  that  conflagrations,  delugesV'and  tnany 
other  general  calamities,  are  likewife  the  means  em- 
ployed by  Providence  to  punifli  the  firis  of  men  ;  but 
no  one,  furely,  ever  will  pretend,  that  it  is  unlawful 
to  prevent,  or  refift,  the  progrefs  of  a  fire  or  an  inun- 
dation. Hence  I  infer,  that  it  is  perfeftly  lawful 
to  ufc  the  means  of  prevention  againft  the  effeds  of 
thunder,  if  they  are  attainable. 

The 
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The  melancholy  accident  which  befel  Mr.  Ricbmann 
at  Petcrfburg,  demonftrates,  that  the  thunder-ftroke 
which  this  gentleman  unhappily  attracted  to  himfelf, 
would  undoubtedly  have  fallen  fome  where  elfe,  and 
that  fuch  place  thereby  efcaped  ;  it  can  therefore  no 
longer  remain  a  queftion  whether  it  be  poffible  to 
conduft  thunder  to  one  place  in  preference  to  ano- 
ther ;  and  this  feems  to  bring  us  near  our  mark. 

It  would,  no  doubt,  be  a  matter  of  ftill  greater  im- 
portance, to  have  it  in  our  power  to  diveft  the  clouds 
of  their  eleftric  force,  without  being  under  the  ne- 
ceffity  of  expofing  any  one  place  to  the  ravages  of 
thunder ;  we  fhould,  in  that  cafe,  altogether  prevent 
thefe  dreadful  eflfefts,  which  terrify  fo  great  a  part  of 
mankind. 

This  appears  by  no  means  iiiipoffible;  and  the 
Moravian  prieft,  whom  I  mentioned  above^  unquet 
tionably  effefted  it ;  for  I  have  been  affured,  that  his 
machinery  fenfibly  attracted  the  clouds^  and  con- 
ftrained  them  to  defcend  quietly  in  a  diftiUation, 
without  any  but  a  very  diftant  thunder-clap. 

The  experiment  of  a  bar  of  iron,  in  a  very  elevated 
fituation,  which  becomes  electric  on  the  approach  of 
a  thunder-ftorm,  may  lead  us  -tb  the  conftruction  of 
a  flmilar  machine,  as  it  is  certain,  that  in  proportion 
as  the  bar  difcharges  its  eledricity,  the  clouds  niuft 
lofe  precifely  the  fame  quantity  ;  but  it  muft  be  con- 
trived in  fuch  a  manner,  that  the  bars  may  immedi- 
ately difcharge  the  ether  which  they  have  attrafted. 

It  would  be  neceffary,  for  this  purpofe,  to  procure 
for  them  a  free  communication  with  a  pool,  or  with 

Vol.  II.  L  the 
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the  bowels  of  the  earth,  which,  by  means  of  their 
bpen  pores,  may  eafily  receive  a  much  greater  quan- 
tity of  ether,  and  difperfe  it  over  the  whole  imtnenfe 
extent  of  the  earth,  fo  that  the  compreffion  of  the 
ether  may  not  become  fenfible  in  any  particular  fpot. 
This  communication  is  very  eafy  by  means  of  chains 
of  iron,  or  any  other  metal^  which  will,  with  great 
rapidity,  carry  off  the  ether  with  which  the  bars  arc 
furcharged. 

I  would  advife  the  fixing  of  ftrong  bars  of  iron,  in 
very  elevated  fituations,  and  feveral  of  them  together, 
their  higher  extremity  to  terminate  in  a  point,  as 
this  figure  is  very  much  adapted  to  the  attraftion  of 
cledlricity,  I  would,  afterwards,  attach  long  chains 
of  iron  to  thefe  bars,  which  I  would  condud  under 
ground  into  a  pool,  lake,  or  river,  there  to  diicharge 
the  eleftricity  ;  and  I  have  no  doubt,  that  after  mak- 
ing repeated  effays,  the  means  may  be  certainly  dif- 
covcred  of  rendering  fuch  machinery  more  commo- 
dious, and  more  certain  in  its  effect. 

It  is  abundantly  evident,  that  on  the  approach  of 
a  thunder-ftorm,  the  ether,  with  which  the  clouds  are 
furcharged,  would  be  tranfmitted  in  great  abundance 
into  thefe  bars,  which  would  thereby  become  very 
electric,  unlefs  the  chains  furniflied  to  the  ether  a  free 
paffage,  to  fpend  itfelf  in  the  water,  and  in  the  bowels 
of  the  earth. 

The  ether  of  the  clouds  would  continue,  therefore, 
to  enter  quietly  into  the  bars,  and  would,  by  its  agi- 
tation, produce  a  light,  which  might  be  vifible  on  the 
pointed  extremities. 

Such 
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Such  light  is,  accordingly,  often  obferved,  during 
a  ftorm,  on  the  fummit  of  fpires,  an  infallible  proof 
that  the  ether  of  the  cloud  is  there  quietly  difcharging 
itfelf ;  and  every  one  confiders  this  as  a  very  good 
fign,  of  tlie  harmlefs  abforption  of  many  thunder- 
ftrokes. 

Lights  are  likewife  frequently  obferved  at  fea,  on 
the  tops  of  the  mafts  of  fliips,  known  to  failors  by  the 
name  of  Cajior  and  Pollux;  and  when  fuch  figns  are 
vifible,  they  confider  themfelves  as  fafe  from  the 
ftroke  of  thunder. 

Moft  philofophers  have  ranked  thefe  phenomena 
among  vulgar  fuperftitions ;  but  we  are  now  fully 
affured,  that  fuch  fentiments  are  not  without  foun- 
dation ;  indeed  they  are  infinitely  better  founded 
than  many  of  our  philofophic  reveries.* 

15//6  Angufl^  1 76 1, 

*  It  v/as  deemed  improper  to  divert  the  reader's'  attention  from 
Elder'* %  train  of  thought,  on  the  fubjeft  of  eledlricity,  by  notes  on 

I 

particular  pafTages,  according  as  the  obfervations  occurred.  But 
now  that  the  iubjed:  is  doled,  I  am  happy  to  infert,  at  once,  a  few 
general  remarks  on  Euler*s  theory :  furniflied  by  a  gentleman  well- 
known  in  the  world  of  fcience,  both  by  his  literary  productions, 
and  by  his  various  and  highly  improved  mathematical  inflruments ; 
and  who  has  lately  enriched  it  by  his  valuable  Lcftures  on  Natural 
and  Experimental  Philofophy,  in  5  vols.  8vo.  I  mean  Mr.  George 
Adams,  of  Fleet-ftreet. — £.  E, 

"  However  Mr.  Eulr  may  have  deviated  from  the  prefent 
theories  of  ele(Sbricity,  in  the  explanation  of  particular  phenomena, 
the  great  outline  of  his  fyllem  feems  to  be  confirmed  by  the  con- 
jc<5i:ures  of  Newton^  the  opinions  of  Watfon^  Franklin^  JiHl/ony  Eeles^ 
&c."  Tliefc  great  men  concur  in  fuppofing  an  ctherial  fluid  to  be 
univerfally  difleminated  through  all  matter;  and  every  experiment 

L  2  proves. 
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proves,  tliat  its  adkive  properties  depend  on  a  folution  of  continuity 
(which  is  nearly  related  to  a  change  in  the  pores  of  bodies)  whether 
produced  by  local  motion,  rupture  of  parts,  fridlion,  expaniion  by 
heat,  or  condenfation  by  cold.  Still  there  is  no  real  ground  for 
fuppoCng  that  thofe  dates  of  eledlricity,  called  pofitive  and  negatives- 
depend  on  the  pores  of  bodies  being  ntore  or  lefs  open,  for  it  is- 
highly  probable,  that  the  two  ftatce  are  always  produced,  at  the 
fame  time,  in  all  bodies,  and>either  flate  may  be  exhibited  by  the 
feme  body,  under  certain  circumftances,  which  can  have  no  effed: 
on  the  pores  of  the  bodies  concerned. 

It  is  clear,  that  all  eledlric  appearances  depend  on  an  invifiblc 
fluid,  of  whofe  efFedks,  while  it  remains  in  its  natural  flate,  we  are 
totally  ignorant ;  but,  whenever  this  ftate  is  difturbed,  tfaofe  ap- 
pearances which  we  call  eledbrical  take  place.  Of  thefe  I  (hall 
notice  a  few,  fomewhat  more  fully  than  has  been  done  by  Mr. 
Euler,  Obferving,  firft,  that  iince  his  time  the  catalogue"  of  thofe 
fubdances  which  tranfmit,  with  eafe,  the  eledbric  fluid,  as  well  as 
tibofe  that  do  not  condu^  it,,  has  been  confiderably  increafed ;  and 
none  hav'fe  yet  been  found  but  what  have  i^ore  or  lefs  .affinity  with 
the  eledric  fluid.  It  is  worthy  of  remark,  that  many  bodies  which 
are  non-condu6lors  when  cold,  will  tranfmit  the  fluid,  when  they 
are  heated ;  a  circumftance  which  feems  to  confirm  the  ideas  of 
Mr.  Elder, 

Though  Mr.  Euler  has  endeavoured  to  explain  the  mechanifm  of 
eleftric  attradlion,  and  repulfion,  he  has  not  pointed  out  the  general 
llawc  by  which  it  is  governed.  Thefe  are,  Firfl,  that  bodies  elec- 
trified pofitively  repel  each  other  :  Secondly,  that  bodies  eleArified 
negatively  repel  each  other  :  Thirdly,  bodies  eledlrified  by  contrary 
powers  ftrongly  attradt  each  other :  Fourthly,  bodies  that  are  elcc 
trifled  attraA  thofe  fubflances  which  are  not  eleftrified. 

No  experiments,  on  this  fubjedl,  have  engaged  the  attention  of 
philofophers  more  than  thofe  on  the  Leyden  phial.  The  myfteriei 
of  this  experiment  are  far  from  being  unveiled,  and  we  are  in  pof- 
fefHon  of  no  theory  that  will  clearly  account  for  it.  Dr.  Franklin 
fhewed,  that  the  Leyden  phial  could  not  be  charged,  unlefs  fome 
condudting  fubftance,  in  contadt  with  the  outfide,  was  alfo  con- 
n'edled  witli  the  ground,  &€.     He  maintained,  that  the  furplus 

.  eledlricit^j/ 
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cledlricity  which  was  received,  by  one  of  the  coated  futfaces  of  the 
phial,  was  adlually  taken  from  the  other;  that  one  fide  was  al- 
ways poiitivel}'',  the  other  always  negatively,  elcCtrih'ed.  This 
theory  has  been  (hewn  to  be  defc6tivc,  and  it  has  been  proved  that, 
while  the  phial  is  charging,  both  (ides  are  eledlrified  politively. 

By  connecting  feveral  bottles  together,  the  eledlric  power  may 
be  increafed  almoft  at  pleafure,  animals  may  be  be  killed^  and  po- 
larity may  be  given  to  magnetic  needles. 

It  has  been  already  obferved,  that  the  eledlric  fluid,  in  pafllng 
from  one  body  to  another,  emitted  rays  of  light ;  later  experiments 
have  fhewn  that  there  is  fcarce  any  fubdanoe,  folid  or  fluid,  but 
ivhat  may  be  rendered  luminous  by  paffing  through  it  the  eleftric 
fluid.  It  has  alfo  been  found,  in  many  inftances,  to  produce  the 
lame  eflfeAs  as  culinary  fii^ ;  thus  it  will  raifethe  thermometer; 
accelerate  vegetation,  and  promote  evaporation,  &c. 

After  that  aftonifliing  difcovery,  by  which  the  fimilarity  of 
Lightning  and  Electricity  was  proved,  conducting  rods  were  adaped 
to  buildings,  to  preferve  them  from  being  injured  by  lightning, 
Thefe  are,  in  general,  allowed  to  be  ufeful,  though  not  fo  exten* 
flvely  as  was  at  firft  imagined ;  and,  though  they  may  conduA  the 
lightning  that  falls  upon,  or  meets  with,  them,  fafely  to  the  ground, 
yet  it  is  abfurd  to  fuppofe,  that  a  conductor  can  prevent  the  light- 
ning from  ftriking  a  building,  or  is  capable  of  exhauiling  the  at- 
mofphere  of  its  ele6lricity. 

One  of  the  moft  brilliant  difcoveries,  concerning  EIe(5l:ricity,  ie 
that  of  its  adiivity  in  carrying  on  the  fundlions  of  animal  life. 
Mr.  Waljh  has  fliewn,  that  the  powers  of  the  Torpedo,  and  the 
Gymnotus  Eledlricus,  like  thofe  of  the  Leyden  phial,  might  be 
•extended  to  any  diftance  through  a  medium  of  conducting  fub- 
llances,  and  that  thofe  bodiies  which  impede  the  difcharge  of  an 
electrical  accumulation,  had  the  lame  influence  on  the  powers  of 
the  Torpedo,  &c.  Through  a  fmall  interval,  in  the  circuit  formed 
to  conduCb  the  influence  of  thefe  animals,  a  fpark  of  light  has  been 
made  to  appear,  which  ha?  fully  eftablifhed  the  flmilltudc  between 
the  eledlrical  fluid  of  thefe  animals  and  that  of  nature  at  large. 
Many  inftances  might  be  introduced  to  Ihew  its  agency  in  the 
bunaan  frame,  but  nonp  can  be  oflered  of  more  importance  to 
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mankind,  than  thofe  which  prove  its  efficacy  as  a  medicine :  it 
has  been  applied  with  fucccft,  to  relieve  the  fuiFcrings  of  man- 
kind, and,  at  a  great  hofpital  in  this  metropolis,  under  the  cau- 
tious eye  of  public  fciutinyy  has  obtained  an  eilablifhed  rank  in 
the  art  of  heal incr. 


►©•?fr<%< 


LETITR    XL. 

On  the  celebrated  Problem  of  the  Longitude :  general 
Defcription  of  the  Earthy  of  its  Axisj  its  two  Poles, 
and  the  Equator. 

YOU  will  by  this  time,  no  doubt,  imagine  that 
enough  has  been  faid  of  eleftricity ;  and  indeed 
I  have  nothing  farther  to  add  on  that  fubjecl ;  and 
am,  of  courfe,  not  a  little  embarraffed  about  the 
choice  of  one  worthy  of  your  attention. 

In  order  to  determine  my  choice^  I  think  myfelf 
obliged  to  take  into  confideration  thofe  fubjects 
which  moft  materially  intereft  human  knowledge, 
and  which  Authors  of  celebrity  moft  frequently 
bring  forward.  Thefe  are  fubjecls,  refpecting  which, 
it  is  to  be  prefumed,  perfons  of  quality  have  confi- 
derable  information, 

.  As  you  muft,  unqueftionably,  have  heard  frequent 
mention  made  of  the  celebrated  problem  of  the  lon- 
gitude, to  the  folution  of  which  the  Britifh  nation 
has  propofed  a  moft  magnificent  premium,  I  prefume 
that  my  labour  will  not  be  wholly  thrown  away,  if 
I  employ  it  in  laying  before  you  a  fair  ftate  of  that 
important  queftion.  It  has  fuch  an  intimate  con- 
neclion  with  the  knowledge  of  our  terraqueous  globe, 

that 


ON    THE    LONGITUDE.  I5I 

that  it  were  a  fliame  to  be  ignorant  of  it.  It  V;  ill 
accordingly  furnifti  me  with  an  opportunity  of  ex- 
plaining a  variety  of  interefting  articlcJ^,  which,  I 
flatter  myfelf,  you  would  wifli  to  fee  elucidated, 

I  begin  then  with  a  general  defcription  of  the 
earth,  which  may  be  confidered  as  a  globe,  though 
it  has  been  difcovered  by  recent  obfervation,  that  its 
real  figure  is  a  fpheroid,  fomewhat  flattened ;  but 
the  diflference  is  fo  fmall,  that  it  may,  for  the  prefent, 
be  altogether  neglefted. 

The  firft  thing  to  be  remarked  on  the  globe  of  the 
earth,  are  two  points  on  it's  furface,  denominated 
the  two  poles  of  the  earth.  Round  thefe  two  points 
the  globe  of  the  earth  every  day  revolves,  as  you 
turn  a  ball  fixed  between  the  two  points  of  a  turn- 
ing machine.  This  motion, is  called  the  daily  or  di- 
urnal motion  of  the  earth,  each  revolution  of  which 
is  performed  in  about  twenty-four  hours.  Or,  to 
Ipeak  according  to  appearances,  you  kilow  that  the 
wh^ole  heavens,  which  we  confidcr  as  a  concave  ball, 
within  whpfe  circumference  the  earth  revolves,  ap- 
pear to  turn  round  the  earth  in  the  fame  fpace  of 
twenty-four  hours.  This  motion  is  like  wife  per- 
formed round  two  fixed  points  in  the  heavens,  de- 
nominated the  poles  of  heaven ;  now  if  we  conceive 
a  ftraight  line  drawn  from  one  of  thefe  poles  of  hea- 
ven  to  the  other,  that  line  will  pafs  through  the 
centr,e  of  the  earth. 

But  you  will  eafily  cou^prehend,  that  the  appear- 
ance muft  be  the  fame,  whether  the  earth  turns 
round  thefe  poles,  while  the  .heavens  remain  in  a 
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ftate  of  reft ;  or  whether  the  heavens  revolve  round 
their  poles,  the  earth  remaining  at  reft.  On  either 
fuppofition  we  are  equally  led  to  the  knowledge  of 
the  poles  of  the  earth,  the  foundation  not  only  of 
aftronomy,  but  likcwife  of  geography. 

Let  ,fig.  I .  of  plate  I.  reprefent  the  globe  of  the 
earth,  whofe  poles  are  the  points  A  and  B ;  one  of 
thefe  poles,  A,  is  nanned  the  fouth  or  aritardic  pole^ 
the  other,  B,  is  denominated  the  north  or  arBic  pole. 
This  laft  is  nearer  to  the  region  of  the  globe  whicli 
we  inhabit. 

I  remark,  that  thefe  Itwo  poles  are  direftly  oppo- 
fite  to  each  other ;  in  other  words,  were  a  ftraight 
line  A  B  to  be  drawn  directly  through  the  earth,  it 
w6uld  pafs  precifely  through  the  middle  C,  that  is 
to  fay,  through  the  centre  of  the  earth.  This  ftraight 
line  AB  has  accordingly  it's  appropriate  name,  and 
is  called  the  axis  of  the  earthy  which  being  produced 
in  both  directions  to  the  heavens,  will  terminate  in 
the  two  points  which  are  called  the  poles  of  heaven ; 
and  to  which  we  give  the  fame  names  as  to  thofe  of 
the  earth. 

Thefe  two  poles  of  the  earth  ^re  by  no  means  a 
mere  fiction,  or  a  fpeculation  of  aftronomers  and 
geographers;  but  arc  reapUy  moft  effential  points 
marked  on  the  furface  of  our  globe ;  for  it  is  well 
.  known,  that  the  nearer  we  approach  thefe  two 
points,  the  colder  and  more  rugged  the  face  of  na-« 
ture  becomes,  to  fuch  a  degree  that  the  regions  ad- 
jacent to  the  poles  are  abfolutely  uninhabitable,  from 
the  cxcellive  cold  which  prevails  there  during  the 
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winter.  No  one  inftance,  accordingly,  has  been  j)ro- 
duced  of  any  traveller,  whether  by  land  or  water, 
who  has  reached  either  of  the  poles.  It  may  be  af- 
firmed, therefore,  that  thefe  two  fpots  of  the  earth 
are  altogether  inacceffible. 

Having  thus  determined  the  two  poles  of  the  earth 
A  and  B,  we  may  conceive  the  whole  globe  divided 
into  two  hemifpheres,  DBE  and  DAE,  each  of 
which  terminates  in  one  of  the  poles  as  its  fummit. 
For  this  purpofe  we  are  to  fuppofe  the  globe  bifecled 
through  its  centre  C,  fo  that  the  feclion  fliall  be  per- 
pendicular to  the  axis  of  the  earth ;  this  feclion  will 
mark,  on  the  furface,  a  circle  cncompaffing  the  whole 
globe,  every  where  equally  diftant  from  the  two 
poles.  This  furrounding  circle  is  denominated  the 
equator.  The  regions  adjacent  to  it  are  the  hotteft, 
and  on  that  account,  as  the  ancients  believed,  almoft 
uninhabitable ;  but  they  are  now  found  to  be  ex- 
ceedingly populous,  thqugh  the  heat  be  there  almoft 
infupportable. 

But  as  you  remove  from  the  equator,  on  either 
fide,  toward  the  poles,  the  cpuntries  become  more 
and  more  temperate,  till,,  at  laft,  on  approaching 
too  near  the  poles,  the  cold  becomes  intolerable. 

As  the  equator  divides  the  earth  into  two  hemi- 
fpheres, each  bears  the  name  of  the  pole  contained 
in  it ;  thus  the  half  DBE,  which  contains  the  north 
pole,  is  denominated  the  northern  hemifphere^  and  in 
it  is  fituated  all  Europe,  almoft  the  whole  of  Afia, 
part  of  Africa,  and  the  half  of  America.  The  other 
hemifphere  is,from  it's  pole,  denominated  thcfouthern 

heniifphere^ 


154        MAGNITUDE  OF  THE  EARTH. 

hemifphere^  and  contains  the  greateft  part  of  Africa, 
the  other  half  of  America,  and  feveral  iiles,  which 
geographers  attribute  to  Afia,  as  you  will  recollect 
to  have  Icon  in  maps  of  the  world. ' 

\%th  Auguft^    1761. 
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LETTER   XLI. 

Of  the  Magnitude  of  the  Earth  ;  of  Meridians^  and  the 
JJjorteJi  Road  from  Place  to  Place. 

HAVING  diftinftly  fixed  the  idea  of  the  poles 
of  the  earth  and  of  the  equator,  which  you 
can  much  more  eafily  imagine  on  a  globe,  than  I 
can  reprefent  by  a  figure,  every  other  neceflary  idea 
will  readily  follow  from  thefe. 

I  mufl:,  however,  fubjoin  a  further  elucidation  of 
confiderable  importance.  The  axis  of  the  earth 
pafling  from  one  pole  to  the  other,  through  the  cen- 
tre of  the  earth,  is  a  diameter  of  the  globe,  and 
confequently  is  double  the  length  of  the  radius.  A 
radius  of  the  earth,  or  the  diflancc  from  every  point 
on  the  furface  to  the  centre  is  computed  to  be  860 
German  miles  ;*  the  axis  of  the  earth  will  therefore 
contain  1720  German  miles.  And  the  equator  be- 
ing a  circle  whofc  centre  is  likswifc  that  of  the  earth, 
it  will  have  the  fame  radius,  namely  860  miles,  the 

*  About  3956  miles  Englifh,  or  1432  French  Icnprucs  ;  the  nxis 
of  the  earth  will  accordingly  be  7912  miles  Englifh,  or  2864. 
i'Vcnch  leagues;  and  the  circumference  at  the  e.]uator  13,736 
milts  Eiigliih,  about  S600  leagues  of  France.-— ii.i'.\ 
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diameter  of  the  equator  will  accordingly  be  1720 
miles, and  it's  whole  circumference  5400  miles  nearly; 
fo  that  if  you  were  to  make  a  tour  of  the  globe,  fol- 
lowing the  tract  of  the  equator,  you  muft  perform 
a  journey  of  almoft  5400  German  miles.  This  will 
give  you  fome  idea  of  the  magnitude  of  the  earth.    ^ 

The  equator  being  a  circle,  it  is  fuppofed  to  be 
divided  into  360  equal  parts,  named  degrees :  a  de- 
gree  of  the  equator  contains  therefore  15  German 
miles,*  as  15  times  360  make  5400. 

Every  degree  is  again  fubdivided  into  60  equal 
parts,  called  minutes^  fo  that  every  minute  contains 
the  fourth  part  of  a  German  mile,  or  about  6000 
feet ;  a  fecond  being  the  fixtieth  part  of  a  minute, 
will  contain  1 00  feet. 

It  being  impoffible  to  reprefent  a  globe,  on  paper, 
any  other  way  than  by  a  circle,  you  muft  fupply  this 
defect  by  imagination.  Accordingly  AB,  (plate  L 
Jig.  1.)  being  the  two  poles  of  the  earth ;  B,  the 
north,  and  A,  the  fouth  ;  DMNE  will  reprefent  the 
equator,  or  rather  that  half  of  it  which  is  turned 
toward  us,  the  other  being  concealed  on  thie  oppofitc 
fide.     ' 

The  line  DMNE  reprefents  then  a  femi-circle,  as 
well  as  BD  A  and  BE  A;  all  thefe  femi-circles  having 
their  centres  at  that  of  the  globe,  C.  It  is  poffiblc 
to  imagine  an  infinite  number  of  other  femi-circles, 
all  of  them  drawn  through  the  two  poles  of  the 
earth  A  and  B,  and  pafling  through  every  point  of 

*  69  Englifli. 
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the  equator,  as  BMA,  BN A :  thcfe  will  all  be  fimir 
lar  to  the  firft  BDA  and  BE  A;  though  in  the  fi- 
gure their  form  appears  very  different.  Imagination 
muft  corred:  this,  and  the  fact  is  apparent  on  a  rcjJ 
globe* 

All  thefe  femi-circles  di'awn  from  one  pole  to  the 
other,  through  whatever  point  of  .the  equator  they 
jaiay  pafs,  are  denominated  meridians:  or  rather,  a 
meridian  is  nothing  elfe  but  a  femi-circle  which,  on 
the  furface  of  the  earth,  is  drawn  from  one  pole  to 
the  other;  and  you  can  eafily  comprehend,  that, 
taking  any  place  whatever  on  the  furface  of  the 
earth,  fay  the  point  L,  you  can  always  conceive  a 
meridian  BLMA,  which,  paffing  through  the  two 
poles,  takes  in  it's  way  the  point  JL  This  meridian 
then  is  named  the  meridian  of,L.  Suppofing,  for 
example,  L  to  be  Berlin,  the  femi-circle  BLMA 
would  be  the  meridian  of  Berlin  ;  and  in  like  man- 
ner refpecling  every  other  fpot  of  the  earth. 

You  can  reprefent  to  yourfelf  a  globe,  on  the 
furface  of  which  are  dcfcribed  all  the  countries  of 
the  earth,  the  continent,  as  well  as  the  fea  with  it's 
iflands.  This  artificial  globe,  denominated  the  ter* 
rejlrial  or  terraqueous  globe ^  you  muft  no  doubt  be 
acquainted  with.  As  to  all  meridians,  which  can 
poflibly  be  drawn  upon  it,  and  a  great  number  of 
which  adtually  are  traced,  I  remark,  that  each,  being 
a  femi-circle,  is  divided  by  the  equator  into  two 
equal  parts,  each  of  ^hich  is  the  fourth  part  of  a 
cuxle,  that  is  an  arch  of  90  degrees.  Accordingly, 
BD,  BM,  BN,  BE,  are  fourth  parts  of  a  circle  as 
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well  as  AD,  AM,  AN,  AE;  each  therefore  contains 
90  degrees :  and  it  may  be  fartlier  added,  that  each 
is  perpendicular  to  the  equator,  or  forms  right  angles 
with  it. 

Again^  were  a  perfon  to  travel  from  the  point  of 
the  equator  M,  to  the  pole  B,  the  fhorteft  road 
would  be  to  purfue  the  track  of  the  meridian  MLB, 
which  being  an  arch  of  90  degrees,  and  a  degree 
containing  15  German  milesy  would  contain  1350 
miles,*  the  diftance  to  be  pafled  in  going  from  the 
equator  to  either  of  the  pedes. 

You  will  recoUeft,  that  the  fhorteft  road  from 
place  to  place,  is  the  ftraight  line  drawn  through 
any  two  places ;  here  the  ftraight  line,  drawn  from 
the  point  M,  in  the  equator,  to  the  J)ole  B^  would 
fall  within  the  earth,  a  route  which  it  is  impoffible 
to  purfue,  for  we  arc  fo  attadied  to  the  furface  of 
the  earth,  that  we  cannot  remove  from  it^  For  this 
reafon  the  queftion  becomes  exceedingly  different, 
when  it  is  alked.  What  is  the  fliorteft  road,  leading 
from  one  fpot  on  the  furface  of  a  globe  to  another  ? 
This  fliorteft  road  is  no  longer  a  ftraight  line,  but 
the  fegment  of  a  circle,  defcribed  from  one  point  of 
the  furface  to  another,  and  whofe  centre  is  precifely 
that  of  the  globe  itfelf.  This  is  accordingly  in  per- 
fed  harmony  with  the  cafe  in  queftion ;  for  to  travel 
from  the  point  M  in  the  equator,  to  the  pole  B,  the 
arcfh  of  the  meridian  MLB,  which  I  have  rcprcfented 
as  the  fliorteft  road,  is  in  effe(fi:  a  fegment  of  the  circle 
whofe  centre  is  precifely  that  of  the  earth. 

♦  Abaut6200  miles  Englifh,  or  zz^  French  leac^ues. 
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In  like  manner,  if  we  confider  the  fpot  L,  fituated 
in  th6  meridian  BLMA.  the  fhorteft  road  to  aio 
thence  ti3  the  pole  B,  will  be  the  arch  LB;  and  if 
we  know  the  number  of  degrees  which  this  arch 
contains,  allowing  1 5  German  miles  to  a  degree,  we 
fliall  have  the  length  of  the  road.  But  if  you  were 
difpofed  to  travel  from  the  fame  fpot  to  the  equator, 
by  the  Ihorteft  track,  it  would  be  neceffary  to  purfue 
the  track  of  the  arch  of  the  meridian  LM,  the  num- 
ber of  degrees  contained  in  which,  reckoning  1 5  Ger- 
man miles  to  a  degree,  would  give  the  diftance. 

We  muft  be  latisfied  with  expreffing  thefe  diftances 
in  degrees,  it  being  fo  eafy  to  reduce  them  to  Ger- 
man miles,  while  other  nations  employ  miles  of  va^ 
rious  length,  fome  greater,  fome  fmaller.     Taking, 
then,  the  city  of  Berlin  for  the  fpot  L,  we  find  that 
the  arch  LM,  which  leads  to  the  equator,  contains  52 
degrees  and  a  half;  confequently  to  travel  from  Ber- 
lin to  the  equator,  the  fhorteft  road  is  787  German 
miles  and  a  half.     But  if  any  one  were  to  go  from 
Berlin  to  the  north  pole,  he  muft  follow  the  direction 
of  the  arch  BL,  which  containing  37  degrees  and  a 
half,  would  be  562  German  miles  and  a  half.   Thefe 
two  diftances  added,  give  1350  German  miles  for  the 
extent  of  the  arch  BLM,  which  is  the  fourth  part 
of  a  circle,  or  go  degrees,  which  contain,  as  we  have 
feen,  1350  German  miles. 

zzJ  Juguji^  1761. 
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LETTER    XLIL 

Of  Latitude^  and  its  hifluence  on  the  Scafons^  and  the 

Lc7igth  of  the  Day. 

I  BE  GIN  once  more  with  the  fame  figure,  (plate  1. 
fig.  3.)  which  muft  by  this  time  be  abundantly 
familiar  to  you.  The  whole  circle  reprefents  the 
globe  of  the  earth ;  the  points  A  and  B  it's  two 
poles ;  B  the  north  or  arctic,  and  A  the  fouth  or 
antarctic ;  fo  that  the  ftraight  line  B  A  drawn  within 
the  earth,  and  paffing  through  it's  centre  C,  is  the 
axis  of  it.  Again  DME  is  the  equator  which  di- 
vides it  into  two  hemifpheres,  DBE  the  northern, 
and  DAE  the  fouthern. 

Let  us  now  take  any  fpot  whatever,  fay  L,  and 
draw  it's  meridian  BLMA,  which,  being  a  femi- 
circle,  pafTes  through  the  point  L,  and  the  two  poles 
B  and  A.  This  then  is  the  meridian  of  the  place  L, 
divided  by  the  equator  at  M  into  two'  equal  parts, 
making  two-fourths  of  a  circle,  each  of  which  con- 
tains 90  degrees.  I  remark  farther,  that  the  arch 
LM,  of  this  meridian,  gives  us  the  diftance  of  the 
place  L  from  the  equator,  and  that  the  arch  LB  ex- 
preffes  the  diftance  of  the  fame  place  L,  from  the 
pole  B. 

This  being  laid  down,  it  is  of  importance  to  ob-^ 
ferve  that  the  arch  LM,  or  the  diftance  of  L  from 
the  equator,  is  denominated  the  latitude  of  the  place  I. ; 
fo  that  the  latitude  of  any  place  on  the  globe,  is  no- 
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thing  elfc  but  the  arch  o(  the  meridian  of  that  place, 
which  is  intercepted  between  the  equator  and  the 
given  place :  in  other  words,  the  latitude  of  a  place, 
is  the  diftance  of  that  place  from  the  equator,  ex- 
preffing  fuch  diftance  by  degrees,  the'  quantity  of 
which  we  perfcftly  know,  as  each  degree  contains 
15  German  miles. 

You  will  readily  comprehend,  that  this  diftance 
muft  be  diftinguiflied,  according  as  the  given  place 
is  in  the  northern,  or  fouthern  hemifphere.  In  the 
former  cafe,  that  is,  if  the  given  place  is  in  the 
northern  hemifphere,  we  fay  it  has  north  latitude ; 
but  if  it  is  in  the  fouthern  hemifphere,  we  fay  it  is^ 
ia/outb  latitude. 

Taking  Berlin  as  an  infbince,  we  fay  it  is  in  52 
degrees  and  3 1  minutes  of  north  latitude ;  the  lati- 
tude of  Magdeburg  is,  in  like  manner,  northern,  52 
degrees  and  1 9  minutest  But  the  latitude  of  Batavia 
in  the  Eaft  Indies  is  6  degrees  1 5  minutes  fouth ; 
and  that  of  the  Cape  of  Good  Hope  in  Africa,  is 
likewife  fouth  34  degrees  15  minutes. 

I  remark  by  the  way,  that  for  the  fake  of  abbre- 
viation, inftead  of  the  word  degree  we  affix  a  fmall 
cipher  (°)  to  the  numeral  charafters,  and  inftead  of  * 
the  word  minute  a  fmall  flanting  bar  Q?  and  inftead 
of  /econd  two  of  thefe  ('')  ;  thus  the  htitude  of  the 
obfervatory  at  Paris  is  48°  50''  10",  N.  that  is  48 
degrees,  50  minutes  and  10  feconds  North.  In  Peru 
there  is  a  place  named  Vlo,  whofe  latitude  has  been 
found  to  be  17°  ^6^  15'',  S.  that  is,  17  degrees,  36 
minutes  and  1 5  feconds  South.  Hence  you  will  un- 
2  derftand. 
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derfland,  that  if  a  place  were  mentiohed  whofe  latU 
tude  was  o*'  o'  o'^,  fuch  place  wotdd  be  precifely  un* 
der  the  equator,  as  its  diftance  frotn  the  equator  is  o^ 
or  nothing ;  and  in  this  cafe  it  is  unneceflary  to  affix 
the  letter  N  or  S.  But  were  it  poffible  to  reach  a 
place  whofe  latitude  was  90°  N*  it  would  be  precifely 
the  north  pole  of  the  earth,  which  is  diftant  from  the 
equator  the  fourth  of  a  circle  or  90  degrees.  This 
will  give  you  a  clear  idea,  of  what  is  meant  by  the 
latitude  of  a  place,  and  why  it  is  expreffed  by  de- 
grees, minutes,  and  (econds* 

It  is  highly  important  to  know  the  latitude  of 
every  place,  not  only  as  effetitial  to  Geography,  ill 
the  view  of  affigning  to  each  its  exad  fituation  oil 
geographical  charts,  but  likewife  becaufe  on  the  la- 
titude depend  the  ieafons  of  the  yeat,  the  inequali- 
ties of  day  and  night,  and  confequently  the  tempe* 
rature  of  the  place*  As  to  places  fituated  direftly 
under  the  equator,  there  is  fcarcely  any  perceptible 
variation  of  the  feafons  j  and  through  the  whole  yeat 
the  days  and  nights  are  of  the  fame  length,  namely 
1 2  hours.  For  this  reafon  the  equator  is  likewife 
denominated  the  equinodial  line :  but  in  proportion 
as  yov  remove  from  the  equator,  the  more  remark- 
able is  the  di&rence  in  the  feafons  of  the  year,  and 
the  more  likewife  the  days  exceed  the  nights  in  fum* 
mer,  whereas,  rcciptocally,  the  days  in  winter  are  as 
much  fhorter  than  the  nights. 

You  know  that  the  longeft  days,  in  thefe  northern 
latitudes,  are  toward  the  commencement  of  out 
fununer,  about  t,h€  difi  of  June ;  the  nights,  of  con- 
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fequence^  are  then  the  ihorteft;  and  that  toward  the 
beginning  of  our  winter,  about  the  23d  of  .Decem- 
ber, the  days  are  ihorteft  and  the  ni^ts  longeft :  fo 
that  every  where,  the  longeft  day  is  equal  to  the 
longeft  night.    Now  in  every  place,  the  duration  of 
the  longeft  day  depends  on  the  latitude  of  the  place. 
Here,  at  Berlin,  the  longeft  day  is  16  hours  and  38 
minutes,  and  confequently  the  ihorteft  day  in  winter 
is  7  hours  2(2  minutes.    In  places  nearer  the  equator, 
or  whofe  latitude  is  lefs  than  that  of  Berlin,  which  is 
52°  32'',  the  longeft  day  in  fummer  is  lefs  than  16 
hours  38  minutes,  and  in  winter  the  ihorteft  day  is 
more  than  7  hours  22  minutes.    The  contrary  of 
this  takes  place  on  removing  farther  from  the  equa- 
tor :  at  Peteriburg,  for  example,  whofe  latitude  is 
60  degrees,  the  longeft  day  is  18  hours  30  minutes, 
and  confequently  the  night  is  then  only  5  hours  30 
minutes:  in  winter,  on  the  contrary,  the  longeft 
night  is  18  hours  30  minutes,  and  then  the  day  is 
only  5  hours  30  mmutes.    Were  you  to  remove  ftiU 
farther  from  the  equator,  till  you  came  to  a  place 
whofe  latitude  was  66^  30^,  the  longeft  day  there 
would  be  exaftly  24  hours,  in  other  words,  the  fun 
would  not  fet  at  that  place,  at  that  feafon }  whereas 
in  winter  the  contrary  takes  place,  the  fun  not  riling 
Jit  all  on  the  23d  of  December,  that  is,  the  night 
then  lafting  24  hours.    Now  at  places  ftill  more  re- 
mote from  the  equator,  and  confequently  nearer  the 
pole,  for  example,  at  Warthuys  in  Swediih  Lapland, 
this  longeft  day  lafts  for  the  fpace  of  feveral  days  to- 
gether, during  which  the  fun  abfdutely  never  fets  $ 

and 
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and  the  longeft  night,  when  the  fun  never  rifes  at 
all,  is  of  the  fzmc  duration. 

Were  it  poffible  to  reach  the  pole  itielf,  we  fliould 
have  day  for  fix  months  together,  and^  during  the 
other  fix,  perpetual  night.  From  this  you  compre- 
hend of  what  importance  it  is  to  know  accurately 
the  latitude  of  every  fpot  of  the  globe. 

Z%d  Augufty  1761. 

LETTER    XLm. 
.  Of  Parallels y  ofihefirft  Meridian^  and  ofLonptude* 

HAVING  informed  you,  that  in  order  to  find 
the  meridian  of  any  given  place,  fay  L,  it  is  ne- 
cefiary  to  draw  on  the  furface  of  the  earth  a  fenni* 
circle  B  L  M  A,  paffing  through  the  two  poles  B  and 
A,  and  through  the  given  place  L ;  I  remark,  (plate 
Lfig-  4.  J  that  there  is  an  infinite  number  of  other 
places,  through  which  this  fame  meridian  pafles, 
and  which  are  confequently  all  faid  to  be  fituated 
tinder  the  fame  meridian,  whether  in  the  northern 
hemifphere,  between  B  and  M,  or  in  the  fouthern, 
between  M  and  A. 

Now  all  the  places,  fituated  under  the  fiune  men- 
dian,  differ  as  to  latitude,  fome  being  nearer  to,  or 
tiiore  remote  from,  the  equator  than  others.  Thus 
the  meridian  of  Berlin  pafTes  through  the  city  of 
MeifTe,  and  nearly  through  the  port  of  Triefte,  as 
well  as  many  other  places  of  lels  note. 

You  ^  likewifc  pl«Uc  to  obferve  Uu.  .  gr« 
xnany  places  may  have  the  fame  latitude^  that  is,  nuy 
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be  equally  diftant  from  the  equator,  but  all  of  them 
iituated  under  different  meridians.  In  faft,  if  L  is 
the  city  of  Berlin,  whofe  latitude,  or  the  arch  LM 
contains  52^  31',  it  is  poffible  under  any  other  meri^^ 
dian  BN  A,  a  place  I,  the  latitude  of  which,  or  the 
arch  I N,  Ihall  likewife  be  52^  3 1' ;  fuch  are  the  points 
F  and  G,  taken  in  the  meridians  BD  A,  BE  A.  And 
*  as  a  meridian  may  be  drawn  through  every  point  of 
the  equator,  in  which  there  fliall  be  a  place  whofe 
latitude  is  the  fame  with  that  of  Berlin,  or  the  place 
L,  we  fliall  have  an  infinite  number  of  places,  all  of 
the  fame  latitude.  They  will  be  all  fituated  in  the 
circle  F  L I G,  all  the  points  of  which  being  equally 
dillant  from  the  equator,  it  is  denominated  a  parallel 
circle  to  the  equator,  or  fimply  a  parallel.  A  parallel 
on  the  globe,  then,  is  nothing  elfe  but  a  circle  parallel 
to  the  equator,  that  is,  all  the  points. of  which  are 
equidiftant  from  it ;  hence  it  is  evident,  that  all  the 
points  of  a  parallel  are  likewife  equidiftant  from  the 
poles  of  the  earth. 

As  it  is  poffible  to  draw  fuch  a  parallel  through 
every  place  on  the  globe,  we  can  conceive  an  infinite 
number  of  them,  all  differing  in  refpeft  of  latitude, 
each  having  a  latitude,  whether  njDrth  or  fouth,  pe- 
culiar to  itfelf. 

You  muft  likewife  be  abundantly  fenfible,  that  the 
greater  the  latitude  is,  or  the  nearer  you  approach  to 
.Qjther  of  the  poles,  the  fmailer  the  parallels  become, 
till  at  laft,  on  coming  to  the  very  poles,  where  the 
latitude  is  90°,  the  parallel  is  reduced  to  a  fingle  point. 
But,  oa  the  contrary,  as  you  approach  the  eqiiator, 

or 
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or  the  fmaller  the  latitude  is,  the  greater  are  the  pa* 
rallels ;  till  at  laft,  when  the 'latitude  becomes  o,  or  ^ 
nothing,  the  parallel  is  loft  in  the  equator.  It  is  ac«  - 
cordingly  by  the  latitude  that  we  diftinguifh  them  ; 
thus  the  parallel  of  30%  is  that  which  pafes  through 
every  place  whofe  latitude  is  30  degrees,  but  it  is 
neceflary  to  explain  y ourfdf,  according  as  you  mean 
north  or  fouth  latitude. 

On  confulting  an  accurate  map,  you  will  obferve 
that  Hanover  is  fituated  under  the  fame  parallel  with  ■ 
Berlin,  the  latitude  of  both  being  52®  31^,  and  that 
the  cities  of  Brunfwick  and  Amfterdam  fall  nearly 
under  the  fame  parallel ;  but  that  the  meridians  paff- 
ing  through  thefe  places  are  different.  If  you  know 
the  meridian  and  the  parallel  under  which  any  place 
is  fituated,  you  are  enabled  to  afcertain  its  adual  po- 
fition  on  the  globe.  If  it  were  affirmed,  for  example, 
that  a  certain  place  is  fituated  under  the  meridian 
BNA,  and  the  parallel  FLG,  you  would  only  have 
to  look  where  the  meridian  BNA  is  interfered  by 
the  parallel  FLG,  and  the  point  of  interfeftion  I,  will 
give  the  true  pofition  of  the  given  place. 

Such  are  the  means  employed  by  geographers  to 
determine  the  real  fituation  of  every  place  on  the  face 
of  the  globe.  You  have  only  to  afcertain  its  parallel, 
or  the  latitude,  and  its  correfponding  meridian.  As 
to  the  parallel,  it  is  eafy  to  mark  and  diftinguiih  it 
from -^very  other ;  you  have  only  to  indicate  thela^- 
titude,  or  diftance  from  the  equator,  according  as  it 
is  north  or  fouth :  but  how  defcribe  a  meridian,  and 
diftinguifh  it  from  every  other  ?  They  have  a  per- 
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fcft  resemblance,  they  arc  all  equal  to  each  other,  and 
no  one  has  a  fpecial  and  diftin£)ive  mark.  It  depends 
therefore  upon  ourfdves  to  make  choice  of  a  certam 
meridian^  and  to  fix  it,  in  order  to  refer  all  others  to 
that  one*  If>  for  example^  in  the  figure  referred  to 
at  the  beginning,  we  were  to  fix  on  the  meridian 
BDA,  it  would  be  eafy  to  indicate  every  other  me«» 
ridian,  fay  BMA,  by  fimply  afcertaining  on  the 
equator  the  arch  DM,  contained  between  the  fixed 
meridian  BDA  and  the  one  in  queition  BMA,  ad« 
ding  only  in  what  direftion  you  proceed  from  the 
fixed  meridian  toward  the  other,  whether  from  eaft 
to  weft,  or  weft  to  eaft. 

This  fixed  meridian,  to  which  every  other  is  re* 
fclred,  is  called  xhtjir/i  meridian;  and  the  choice  of 
this*  meridian  being  arbitrary,  you  will  not  think  it 
ftrange  that  different  nations  fliould  have  made  a 
^Ufierent  choice.  The  French  have  fixed  on  the  ifle 
of  Ferro,  one  of  the  Canaries,  for  this  purpofe,  and 
4raw  their  firft  meridian  through  it.  The  Germans 
and  Dutch  draw  theirs  through  another  of  the  Canary 
iflahds,  called  Tenerifte,  But  whether  you  follow  the 
French  or  German  geographers,  it  is  always  neceflary 
jcarefully  to  mark  on  the  equator  the  point  through 
which  the  firft  meridian  pailes ;  from  this  point  you 
^erwsprds  reckon  by  degrees,  the  points  through 
which  all  other  meridians  pafs ;  and  both  French  and 
Germans  have  agreed  to  reckon  from  weft  to  eaft. 

If,  therefore,  in  th?  figure  to  which  I  have  already 
referred,  the.  femiprcle  BDA  be  the  firft  meridian 
and  the  points  of  the  eqjoator  M  and  N  were  fituated 
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toward  the  caft,  you  have  only,  in  order  to  mark  any 
other  meridian,  fay  BM A,  to  indicate  the  magnitude 
of  the  arch  DM ;  and  this  arch  is  what  we  call  the 
longitude  of  all  the  places  fituated  under  the  meridito 
BM  A.  In  like  manner,  all  the  places  fituated  under 
the  meridian  BNA  have  their  longitude  determined 
by  the  arch  of  the  equator  DN,  exprefled  in  degreed^ 
minutes  and  feconds. 

l^tb  Augufi^  1 761. 

LETTER   XLIV. 
Choice  of  the  Firjl  Meridian^ 

YOU  have  now  received  complete  information 
refpeding  what  is  denominated  the  latitude  and 
the  lon^tude  of  a  place  on  the  furface  of  the  globe. 
Latitude  is  computed  on  the  meridian  of  the  ^veii 
place,  up  to  the  equator ;  in  other  words,  it  is  the 
diftance  of  the  parallel  pafiing  through  that  place, 
from  the  equator ;  and  to  prevent  all  ambiguity,  it 
is  neceflary  to  expreis  whether  this  latitude  or  difiance 
is  north  or  fouth. 

As  to  longitude,  we  muft  determine  the  diftance 
of  the  meridian  of  the  given  place  from  the  firft  me» 
ridian ;  and  this  diftance  is  computed^n  the  equator, 
from  the  firft  meridian  to  the  meridian  of  the  given 
place,  always  proceeding  from  weft  to  eaft ;  in  other 
words,  longitude  is  the  diftance  of  the  meridian  of 
the  given  place,  from  the  firft,  computing  the  degrees 
on  the  equator^  aa  I  have  juft  now  laid* 
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We  always  compute,  then,  from  the  firft  meridian 
eafl:Ward  •<,  and  it  is  evident  that  when  we  have  com- 
puted up  to  360  degrees,  we  are  brought  back  prc- 
cifdy  to  the  firft  meridian,  as  360  degrees  complete 
the  circumference  of  the  equator.  Accordingly, 
were  any  particular  place  found  to  be  in  the  3^  9th  • 
degree  of  longitude,  the  meridian  of  that  place  would 
be  only  one  degree  diflant  from  the  firft  meridian, 
but  toward  the  weft.  In  like  manner,  350°  of  Ion- 
^tude  would  exaftly  correfpond  with  a  diftance  of 
lo^weftward.  For  this  reafon,  in  order  to  avoid 
all  ambiguity,  in  determining  longitude,  we  go  on 
to  reckon  up  to  ^6o9  toward  the  eaft. 

You  will  no  doubt  have  the  curiofity  to  know, 
why  geographers,  in  fetding  the  firft  meridian,  have 
agreed  to  fix  on  one  of  the  Canary  iflands  ?  I  beg 
leave  to  reply,  that  the  intention  was  to  begin  with 
fettling  the  limits  of  I)urope  toward  the  weft ;  and 
as  thefe  iflands,  called  the  Canaries,  and  fituated  in 
the  Atlantic  ocean,  beyond  Spain,  toward  America, 
were  fiill  confidered  as  part  of  Europe,  it  was  thought 
proper  to  draw  the  firft  meridian  through  the  moft 
remote  of  the  Canary  iflands,  that  we  might  be  en- 
aUed  to  compute  the  other  meridians*  vdthout  inter- 
Tuption,  not  only  all  over  Europe,  but  through  thcs 
whole  extent  of  Afia :  from  whence,  going  on  to 
reckon  toward  the  eaft,  wc  arrive  at  Americ^i,  and 
thence  return  at  length  to  the  firft  meridian. 

But  to  which  of  the  Canary  ifles  fliall  we  give  the 
preference?  Certain  geographers  of  France  made 
choice  of  the  ifle  of  Ferro,  and  the  Germans  that  of 

Teneriffe, 


FIRST   BfZ&IDIAN*  169 

Tcneiiffe,  becaufe  the  real  fitusttion  of  thefe  ifles  was 
not  then  fufficiently  afcertained,  and  it  was  not  per* 
haps  known  which  of  them  was  the  nnofi:  remote ; 
beiides,  the  German  geographers  imagined  that  the 
mountain  named  the  Peak  of  Tenerifte  was  pointed 
.out,  as  it  were,  by  the  hand  of  Nature  for  the  firft 
meridian. 

Be  this  as  it  may,  it  feems  rather  ridiculous  to 
draw  the  firft  meridian  through  a  place  whofe  real 
pofition  on  the  globe  is  not  perfedly  determined  5 
for  it  was  not  till  very  lately  that  tlie  fituation  of  the 
Canaries  was  afcertsoned.  For  this  reafon,  the  moUt 
accurate  aftronomers  fix  the  firfl  meridian  precifely 
zo  degrees  diftant  from  that  of  the  obfervatory  at 
Paris,  without  regarding  through  what  fpot  the  firft 
may  in  that  cafe  pais ;  and  it  is  undoubtedly  the 
fureft  method  that  can  be  adopted ;  and  in  order  to 
determine  every  other  meridian,  the  fimpleft  way  is 
to  find  out  its  diftance  from  that  of  Paris :  then  if 
that  other  meridian  is  more  to  the  eaft,  you  have 
only  to  add  to  it  20  degrees,  in  order  to  have  the 
longitude  of  the  places  fituated  under  it :  but  if  this 
-meridian  be  weftward  to  that  of  Paris,  you  muft  fub- 

« 

trad  the  diftance  from  20  degrees:  finally,  if  this 
diftance  toward  the  weft  is  more  than  20  degrees, 
you  fubtrad  it  from  380  degrees,  that  is,  from  20 
degrees  above  3$o,  in  order  to  have  the  longitude  of 
the  meridian. 

Thus  the  meridian  of  Berlin  being  to  the  eaftward 
of  the  meridian  of  Paris  11^  y^  15",  the  longitude  of 
Berlin  will  be  31^  /  ZS^'i  ^^  this  is  likewife  the 

longitude 
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longitude  of  all  other  places  fituated  under  the  fame 
meridian  with  Berlin. 

In  like  manner  the  meridian  of  Feteriburg  being 
28  degrees  more  to  the  eaft  than  that  of  Paris,  the 
longitude  .of  Peterlburg  will  be  48°. 

The  meridian  of  St.  James's,  London,  is  more  to 
the  weft  than  that  of  Paris  by  2°  25^  15'';  fubtrad- 
ing,  therefore,  that  quantity  from  20^,  the  remain- 
der, 1 7°  34'  4fy  gives  the  latitude  of  St.  James's, 
IiOndon. 

Let  us  now  take  the  city  of  Lima  in  Peru,  the 
meridian  of  which  is  70°  9'  30"  to  the  wcftward  of 
that  of  Paris ;  that  diftance  muft  be  fubtraded  from 
380  degrees ;  which  will  leave  a  remainder  of  309^ 
50'  30'''',  the  longitude  of  Lima* 

Now,  when  the  latitude  and  longitude  of  a  plac^ 
are  known,  we  are  enabled  to  afcertain  its  true  t>o* 
iition  on  the  terreftrial  globe,  or  on  a  map :  for  as 
the  latitude  marks  the  parallel,  under  which  the  place 
is  fituated,  and  the  meridian  gives  the  meridian  of 
the  lame  place,  the  point  where  the  parallel  interfefts 
the  meridian,  will  be  exadHy  the  place  in  queftion. 

You  have  but  to  look  at  a  map,  that  of  Europe  for 
example ;  and  you  will  fee  the  degrees  of  the  parallels 
marked  on  both  fides,  or  their  diftances  from  the 
equator :  above  and  below  are  the  degrees  of  longi- 
tude, or  the  diftances  of  the  feveral  meridians  from 
the  firft. 

The  parallels  and  meridians  are  ufually  traced  on 
maps  degree  by  degree,  fometimes  at  the  diftance  of 
5  degrees  from  eadb  other.    In  moft  maps  the  meri* 

dians 
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dians  are  drawn  up  and  down,  and  the  parallels  front 
left  to  right :  the  upper  part  is  direfted  toward  the 
north ;  the  under  to  the  fouth  :  the  right-hand  fide 
toward  the  eaft,  and  the  kft-hand  fide  toward  the 
weft. 

It  is  likewife  to  be  remarked,  that  as  all  the  men« 
dians  meet  at  the  two  poles,  the  more  any  two  meri« 
dians  approach  to  either  of  the  poles,  the  fmaller  theii^ 
difiance  becomes ;  at  the  equator  their  diftance  a}-» 
ways  is  greateft.  Accordingly  on  all  good  maps, 
where  the  meridians  are  traced,  you  will  obferve 
that  they  gradually  approximate  toward  the  top,  that 
is  the  north,  and  their  diftances  increaie  as  you  pro* 
ceed  to\(^d  the  equator.  This  is  all  that  feems  to 
be  requifite  for  the  underftanding  of  geographical 
charts,  by  means  of  which  an  attempt  is  nude  to  re« 
prefent  the  fur£u:e,  or  part  of  the  fur&ce,  of  the 
globe. 

But  my  principal  obje6fc  was  to  demonftrate  how 
the  real  pofition  of  every  fpot  on  the  ^obe  is  deter* 
iniped  by  its  latitude  and  lon^tude. 

ifi  SeftembfTf  1761. 
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LETTER  XLV. 

Method  of  determining  the  Latitude^  or  the  Elevation  if 

the  Pole. 

IT  being  a  matter  of  fuch  importance  to  know  the 
latitude  and  longitude  of  every  place,  in  order  to 
^{:ertain  exa&ly  the  fpot  of  the  £^obe  where  you  aret 

you 
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you  muft  be  fenlibk  that  it  is  equally  important  to 
difcover  the  means  of  certainly  arriving  at  fuch  know- 
ledge. 

^  Nothing  can  be  more  interefting  to  a  man,  who 
has  been  long  at  fea,  or  after  a  tedious  journey 
through  unknown  regions,  than  to  be  informed  at 
what  precife  fpot  he  is  arrived ;  whether  or  not  he 
is  near  fome  known  country,  and  what  courfe  he 
ought  to  purfue  in  order  to  reach  it.  The  only 
means  of  relieving  fuch  a  perfon  from  his  aiixiety 
would  undoubtedly  be  to  give  him .  the  latitude  and 
longitude  of  the  place  where  heis :  but  what  muft 
he  do  to  attain  this  moft  important  information  ? 
Let  us  fuppofe  him  on  the  ocean,  or  in  a  vaft  defert, 
where  there  is  no  one  whom  he  could  confult.  After 
having  afcertained,  by  the  help  of  a  terreftrial  globe, 
or  of  maps,  the  latitude  and  longitude  of  the  place 
where  he  is,  he  will  with  eafe,  from  them,  determine 
his  prefent  pofition,  and  be  furniflied  with  the  ne- 
ceffary  information  refpecting  his  fixture  progrefs. 

I  proceed,  therefore,  to  inform  you,  that  it  is  by 
aftronomy  chiefly  we  are  enabled  to  determine  the 
latitude'  and  longitude  of  the  place  where  we  are ; 
and  that  I  may  not  tire  you  by  a  tedious  detail  of 
all  the  methods  which  aftronomers  have  employed 
for  this  important  purpofe,I  Ihall  iatisfy  myfeh". with 
prefenting  a  general  idea  of  them,  flattering  myfeff 
tliat  this  will  be  fufEcient  to  convey  to  you  the  know- 
ledge  of  tlie  principles  on  which  every  method  is 
founded. 

I  begin  with  tlie  latitude,  which  is  involved  in 

fcarcely 
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ifcarcely  any  difficulty,  whereas  the  determination  of 
tlie  longitude  feems  hitherto  tahave  defied  all  human 
refearch,  efpccially  at  fea,  where  the  utmoft  precifiqn 
is  requifite.  For  the  difcovery  of  this  laft,  accord*- 
ingly,  very  confiderable  prizes  have  been  propofed, 
as  an  encouragement  to  the  learned  to  direft  their 
talents  and  their  induftry  toward  a  difcovery  fo  in- 
terefting,  both  from  its  own  importance,  and  from 
the  honour  and  emolument  which  are  to  be  the  fruit 
of  it. 

I  return  to  the  latitude,  and  the  means  of  afcer- 
taining  it,  referring  to  fome  future  opportunity  a 
more  ample  difcuflion  of  the  longitude,  and  of  the 
different  methods  of  difcovering  it,  efpecially  at  fea. 

Let  the  points  B  and  A  (plate  Lfig*  5.  J  be  the  poles 
of  the  earth ;  BA  its  axis,  and  C  its  centre ;  let  the 
femicircle  BDA  reprefent  a  meridian,  interfefted  by 
the  equator  at  the  point  D ;  and  BD,  AD,  will  be 
each  the  quadrant  of  a  circle,  or  an  arch  of  90  de- 
grees :  the  flraight  line  DC  will  therefore  be  a  radius 
of  the  equator,  and  DE  its  diameter. 

Let  there  now  be  aiTumed  in  this  meridian  BDA, 
the  point  L,  the  given  place,  of  which  the  latitude  is 
required,  or  in  other  words,  the  number  of  degrees 
contained  in  the  arch  LD,  which  meafures  the  diftance 
of  the  point  L  from  the  equator ;  or  again,  drawing 
the  radius  CL,  as  the  arch  LD  meafures  the  angle 
D  C  L,  which  I  fhall  call  y^  this  angle  y  will  exprefs 
the  latitude  of  the  place  L,  which  we  want  to  find. 
,    Now  it  being  impoflible  to  plaoT  ourfelves  at  the 

centre 
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centre  of  the  earth,  thence  to  take  the  meafure  of 
that  an^e,  we  muft  have  recourfe  to  the  heavens. 
There  the  prolongation  of  the  axis  of  the  earth  AB 
terminates  in  the  north  pde  of  the  heavens  P,  which 
we  are  to  coniider  as  at  an  immenfe  diftance  from 
the  earth.  Let  the  radius  CLJikewife  be  carried 
forward  till  it  terminate  in  the  heavens  alt  the  point 
Zy  which  is  called  the  zenith  of  the  place;  then, 
drawing  through  the  point  L  the  ftraight  line  ST 
perpendicular  to  the  -radius  CL,  you  will  recoiled: 
that  this  line  ST  is  a  tangent  of  the  cirde,  and  that 
confequently  it  will  be  horizontal  to  the  {dace  L : 
our  horizon  always  touching  the  fiirface  of  the  earth 
at  the  place  where  we  are. 

Let  us  now  look  from  L  toward  the  pole  of  the 
heavens  P,  which  being  infinitely  diftant,  the  ftraight 
line  LQ  direfted  to  it,  will  be  parallel  to  the  line 
ABP,  tliat  is  to  the  axis  of  the  eairth.:  this  pole  of 
the  heavenftwill  appear,  therefore,  between  the  zenith 
and  the  horizon  LT,  and  the  angle  TLQ,  indicated 
by  the  letter  m^  will  Ihew  how  much  the  ftraight 
line  LQ9  in  the  diredtion  of  the  pole,  is  elevated  above 
the  horizon ;  hence  this  angle  m  is  denominate4  the 
elevation  of  the  pole. 

You  have  undoubtedly  heard  frequent  mention 
made  of  the  elevation  of  the  pole,  or,  as  fome  call 
it,  the  height  of  the  pole^  and  which  is  nothing  elfe 
but  the  angle  formed  by  the  flraight  line  LQ  in  the 
dire6lion  of  the  pole,  and  the  horizon  of  the  place 
where  we  are.    {ou  have  a  perfect  comprehenfion 

6  oT 
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of  the  poffibility  of  meafuring  this  angle  m  by  means 
of  an  aftronomical  infirument,  without  my  gdbg 
into  any  farther  detail. 

Having  meafured  this  angle  m,  or  the  height  of  the 
pole,  it  will  give  you  precifely  the  latitude  of  the 
place  L,  that  is  the  an^e  y.  To  make  this  appear^ 
it  is  only  neceflary  to  demonftrate  that  the  ^two 
angles  m  and  y  are  equaL 

Now  the  line  LQ  being  parallel  to  CP,  the  angles 
m  and  n  are  alternate,  and  confequently  equal.    And 
the  line  LT  being  perpendicular  to  the  radius  GL, 
the  angle  CLT  of  the  triangle  CLT  muft  be  a  right 
angle,  and  the  other  two  angles  of  that  triangle  n  and 
9c  muft  be  together  equal  to  a  right  angle.    But  the 
arch  BD  being  the  quadrant  of  a  circle,  the  an^ 
BCD  muft  likewife  be  a  right  angle ;  the  two  angles 
9c  and  yj  therefore,  are  together  equal  to  the  two 
angles  n  and  x.    Take  away  the  angle  x  from  both, 
and  there  .will  remain  the  angle  y  equal  to  the  angle 
n  i  but  the  angle  n  has  been  proved  equal  to  the  angle 
iR,therefore  the  angle  ;^  is  likewife  equal  to  the  angle  m. 
It  has  already  been  remarked,  that  the  ang^e  y  ex* 
prefies  the  latitude  of  the  place  L,  and  the  angle  m  the 
elevation  or  height  of  the  pole  at  the  fame  place  L ; 
the  latitude  of  any  place  therefore  is  always  equal  to 
the  height  of  the  pole  at  that  fame  place.    The  means 
which  aftroi^my  fupplies,  for  obferving  the  height 
of  the  pole,  indicate,  therefore,  the  latitude  required. 
Aftronomical  obf^rvations  made  at  Berlin  have  ac« 
cordingly  informed  us,  that  there  the  height  of  the 

pole 
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pclLc  is  52^  31'',  and  hence  we  conclude  that  the]ati<i» 
tude  of  that  city  is  likewife  5a®  31'. 

This  is  one  very  remarkable  inftance  to  demon-* 
ftrate  how  the  heavens  may  affift  us  in  the  attainment 
of  the  knowledge  of  objects  which  relate  only  to  the 
earth. 
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LETTER    XLVI. 

Knowledge  of  the  Longitude^  from  a  Calculation  of  the 
Direction^  and  of  the  Space  faffed  through* 

• 

1»  NOW  proceed  to  the  longitude;  and  remark  that^ 
on  taking  a  departure,  whether  by  land  or  water/ 
firom  a  known  place,  it  wovdd  be  eafy  to  afcertain 
the  fpot  we  had  reached,  did  we  know  exacUy  the 
length  of  the  road,  and  the  diredion  which  we  pur-? 
fued. .  This  might,  in  fuch  a  cafe,  be  effefted  even 
without  the  aid  of  aftronomy ;  and  this  obliges  me 
to  enter  into  a  more  particular  detail  on  the  fubje(5t* 

We  meafure  the  length  of  a  road  by  feet ;  we 
know  how  ifiany  feet  go  to  a  mile,  and  how  many 
miles  go  to  an  arch  of  one  degree  upon  the  globe : 
thus  we  are  enabled  to  exprels  in  degrees  the  diftancc 
we  have  traveHed. 

As  to  the  route  or  diredion  in  which  we  travel^ 
it  is  neceffary  accurately  to  know  the  pofition  of  the 
n^ericUan  at  every  place  where  we  are.  As  the  me- 
ri4ian  proceeds  in  one  diredion  toward  the  north 

pole> 
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pole,  and  in  the  other  toward  the  fouth ;  you  have 
only  to  draw,  on  the  horizon  of  the  fpot  where  you 
arc,  a  ftraight  line  from  north  to  fouth,  which  is  called 
the  meridian  line  of  that  place.  All  poffible  care  muft 
be  taken  to  trace  this  meridian  line  very  accurately, 
and  here  the  heavens  muft  again  perform  the  office 
of  a  guide. 

You  know  it  is  mid-day  when  the  fun  is  at  his 
greateft  elevation  above  the  horizon ;  or,  which  is 
the  fame  thing,  the  direftion  of  the  fun  is  then  ex- 
aftly  fouth,  and  the  fliadow  of  a  ftafF  fixed  perpen- 
dicularly  on  a  horizontal  plane  will  fall,  at  that  in- 
ftant,  precifely  northward.  Hence  it  is  eafy  to  com- 
prehend, how  an  obfervation  of  the  fun  may  furnifh 
us  ^th  the  means  of  accurately  tracing  a  meridian 
line,  wherever  we  may  be.        ^ 

Having  traced  a  meridian,  every  other  dirieftion 
is  very  eafily  determined. 

Let  the  ftraight  line  N  S  (flate  1.  Jig.  6.  J  be  the 
meridian,  one  of  the  extremities  N  being  direfted 
toward  the  north,  and  the  other  S  toward  the  fouth. 
With  this  meridian  let  there  be  drawn  at  right 
angles  the  ftraight  line  EW,  whofe  extremity  E 
fliall  be  direfted  toward  the  eaft,  and  the  other  ex^ 
tremity  W  toward  the  weft.  Having  divided  the 
circle  into  16  equal  parts,  we  fliall  have  fo  many 
different  direftions,  denominated  according  to  the 
letters  affixed  to  them ;  and  in  cafe  of  not  purfxiing  a 
diredion  which  exaftly  correfponds  with  fomc  one 
of  the  iixteen,  the  angle  muft  be  marked  which  that 

Vol.  II»  N  deviating 
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deviating  line  of  diredion  makes  with  the  meridian 
HS9  or  with  EWy  which  is  perpendicular  to  it. 

It  is  thus  we  are  enabled  to  determine  exadly  the 
4iredion  which  we  purfue  in  travelling ;  and  £3  long 
as  we  are  affured  of  the  length  of  the  way,  and  of 
the  diredion  purfued,  it  will  be  very  eafy  to  afc^- 
tain  the  true  place  at  which  we  have  arrived,  an<il[ 
Co  indicate  both  its  longitude  and  latitude.  We  em- 
fdoy,  for  this  purpofe,  an  accurate  map,  which  con^ 
tains  the  point  of  departure,  and  that  which  we  have 
reached ;  and  by  mean^  of  the  icale,  which  gives  tfa^ 
quantity  of  miles  or  leagues  that  go  to  a  degree,  it 
is  eafy  to  trace,  on  fuch'  iQap,  the  track  purfued  and 
completed. 

Figure  7.  tf plate  L  reprefents  a  map,  on  which  are 
marked  from  left  to  right  the  degrees  of  latitude^ 
and  thofe  of  longitude  from  top  to  bottom ;  it  is 
likewife  vifible,  on  the  face.  <^  it,  that  the  meridians 
converge  as  they  approach  toward  the  north,  and 
retire  from  each  other  toward  the  fouth,  as  is  the 
adual  cafe  on  the  globe.* 

This  map  contains  part  of  the  furface  of  the  earth, 
from  the  53d  degree  of  north  latitude  to  the  59th 
degree ;  and  from  the  1 3th  degree  of  longitude  to 
the  26th. 

Suppofe,  then,  I  take  my  departure  frpm  the  place 

*  All  that  the  author  fays  ia  the  &quel  on  this  fubje^,  is  ap^ 
plicabley  ilriftly  (peaking,  only  to  marine  charts ;  but  apparently 
he  did  not  t&ink  himfelf  obliged  to  enter  into  any  detail  on  their 
particular  conftruftion.—F,  £• 
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L,  the  lon^tude  of  which  is  1 6^,  and  the  latitude 
57^  20*,  and  that  I  proceed  in  the  diredion  £S£; 
and  have  travelled  a  fpace  of  75  German  miles.  In 
order  to  determine  the  lon^tude  and  latitude  of  the 
place  I  have  reached,  I  draw  from  the  place  L  the 
ftraight  line  LM,  making  with  the  meridian  16^  16^ 
the  fame  angl^,  which  the  direction  £S£  in  the  pre* 
ceding  figure  makes  with  N.  Then  on  that  line  I 
take,  according  to  the  fcale  marked  on  the  chart, 
LM  equal  to  y^  German  miles,  and  the  point  M 
ihall  be  the  place  which  I  have  reached* 

I  have  then  only  to  compare  this  place  with  the 
meridians  and  parallels  traced  on  the  map,  and  I 
find  that  it^s  longitude  is  24^  nearly ;  and  on  mea^ 
Turing  more  exactly  the  part  of  the  degree  to  be 
added  to  the  24th  degree,  I  find  the  longitude  of  the 
point  M  to  be  24°  4'.  As  to  the  latitude,  I  obferve 
it  to  be  between  the  55th  and  56th  degree,  and,  by 
an  eafy  computation,  I  find  it  to  be  55®  25' ;  fo  that 
the  latitude  of  the  place  M,  which  I  have  reached,  is 
55^  25',  and  its  longitude  24^  4^ 

It  has  here  been  fuppoied  that  I  have  invariably 
purfued  the  fame  direftion'ESE,  from  firft  to  laft  5 
but  if  I  have  from  time  to  time  deviated  from  that 
direftion,  I  have  only  to  perform  the  fame  operation 
on  each  deviation,  to  find  the  place  where  I  then 
was ;  from  this  I  take  a  frefh  departure,  and  trace 
my  direftion  till  another  deviation  takes  place,  and 
fo  on,  till  I  reach  my  objeft.  By  thefe  means  it  is 
always  iii  my  power,  whether  travelling  by  fea  or 
land,  to  afcertain  the  place  I  have  reached }  pro« 

N  2  vidcd 
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vided  I  know  cxaftly,  through  my  whole  progrefs, 
the  diredion  I  purfue,  and  meafure  with  equal  ac- 
curacy the  length  of  the  way, 

Wc  might  in  this  cafe  difpenfe  even  with  the  af- 
iiftance  of  aftronomy,  unlefs  we  had  occafion  for  it 
accurately  to  determine  our  direction,  or  the  angle 
which  it  makes  with  the  meridian ;  but  the  magnetic 
needle  or  compafs  may,  in  many  cafes,  fupply  this 
want. 

You  muft  be  fenfitle,  however,  that  it  is  poffible 
to  make  a  very  coniiderable  miftake  both  in  the 
computation  of  the  direftion,  and  of  the  length  of 
the  way,  efpecially  in  very  long  voyages.  How  often 
is  it  neceffary  to  change  the  direftion  in  travelling 
even  from  hence  to  Magdeburg?  and  how  is  it  pof- 
fible to  meafure  exadly  the  length  of  the  way?  But 
when  we  travel  by  land,  we  are  not  reduced  to  this 
expedient :  for  we  are  enabled  to  meafure  by  geo- 
metrical experiments  the  diftance  of  places,  and  the 
angles  which  the  diftances  make  with  the  meridian 
of  every  place ;  and  thus  we  can  determine,  with 
tolerable  accuracy,  the  true  fituation  of  all  places. 

itb  September y  1761, 

LETTER    XLVII. 

Continuation.     Defers  of  this  Method, 

A  METHOD  of  obferving  the  direftlon  purfued, 
and  the  length  of  the  courfe,  feems  to  be  of 
Angular  utility  in  fea  voyages,  becaufe  there  we  are 

not 
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not  under  the  neceffity  of  deviating  from  the  direc- 
tion every  moment,  as  in  travelling  by  land  j  for, 
with  the  fame  wind,  we  can  proceed  in  the  £ime 
direction. 

Pilots  are  accordingly  very  attentive  in  exaftly  ob- 
ferving  the  courfe  of  the  veffel,  and  in  meafuring 
the  progrefs  flie  has  made.  They  keep  an  accurate 
journal  of  all  thefe  obfervations,  at  the  clofe  of  every 
day,  nay  ftill  more  frequently ;  they  trace  on  their 
fea-charts  the  progrefs  they  have  made,  and  thus  are 
enabled  to  mark  on  the  charts,  for  every  period  of 
time,  the  point  where  they  are,  and  of  which  they 
confequently  know  the  latitude  and  longitude.  Ac- 
cordingly, fo  long  as  the  courfe  is  regular,  and  the 
veffel  is  not  agitated  by  a  tempeft,  good^  pilots  arc 
feldom  miftaken :  but  when  they  are  in  doubt,  they 
have  recourfe  to  aftronomical  obfervations,  •  from* 
which  they  difcover  the  elevation  of  the  pole  j  and 
this  being  always  equal  to  the  latitude  of  the  placei 
where  they  are,  they  compare  it  with  that  which^ 
they  have  marked  on  the  chart,  conformably  to  thd 
computation  of  their  progrefs.  If  thefe  are  found  to 
coincide,  their  computation  is  juft ;  if  they  difcover 
a  difference,  they  conclude  with  certainty  that  fome 
error  has  been  committed,  in  the  computation  of » 
the  diftance,  and  of  the  courfe ;  in  that  cafe,  they 
re-examine  both  the  ouq  and  the  other  more  carc«» 
fully,  and  endeavour  to  apply  th^  neceflary  correc- ' 
tions,  in  order  to  make  the  computation  agree  withi 
the  obfervation  of  the  height  pf,  tljC  pote,  or  of  the 
latitude,  which  is  equal  tQ  it, 

N  3  Thi» 
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This  precaution  may  be  fuffident  in  fliort  voyages^ 
as  the  errors  committed  can  in  thefe  be  of  i^o  great 
importance ;  but  in  very  long  voyages,  thefe  flight 
miftakos  may  accumulate  to  fuch  a  degree,  that,  at 
laft,  a  very  grols  mifisike  may  be  committed,  and 
the  place  where  the  veffd  adually  is  may  differ  con* 
fiderably  from  what  it  was  fuppofed  to  be  on  the 
chart. 

I  have  hitherto  gone  on  the  fuppofition  that  the 
voyage  proceeded  quietly ;  but  fliould  a  ftorm  arife, 
during  which  the  veffel  is  fubjefled  to  the  rudeft 
concuiSons  of  wind  and  waves,  it  is  evident  that 
the  coniputation  of  difiance  and  courie  is  entirely 
deranged,  and  that  it  is  impoflible  to  trace  on  the 
chart  the  progrefs  flie  has  made. 

It  would  be  very  eafy,  after  this  derangement,  to 
afcertwi,  by  aftronomical  obfervations,  the  latitude 
of  the  fliip's  place ;  but  this  would  determine  only 
die  parallel  of  that  place,  and  it  would  remain  totally 
iincextsdn  at  what  point  of  the  parallel  flie  adually 
was. 

It  is  neceflary,  therefore,  to  difcover  likewife  the 
longitnde  of  the  place,  which  (hews  us  the  meridian 
under  which  it  is  fituated ;  and  then  the  interfeftion 
of  that  meridian  with  the  parallel  found,  will  giVe 
the  vefid's  true  place.  This  will  make  you  fenfible 
ctf  ix^at  importance  it  is  to  affift  mariners  in  difco- 
vering  likevnfe  the  longitude  of  the  place  where 
they  are. 

This  neceffity  is  impdfed  not  only  from  the  con- 
ifideration  of  the  tempeib  to  which  navigation  is  li- 
able j 
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able ;  for  it  is  poiBible,  fuppofing  the  voyage  to  pro* 
ceed  ever  to  quietly, .  to  be  grofsly  miftaken  in  the 
computation  of  both  courfe  and  diftance.  Could  we 
fuppofe  the  fea  to  be  at  reft,  it  might  be  pofiMe  to 
invent  various  methods  of  afcertsuning,  win  tole^t 
rable  exa^els,  the  way  which  the  vefiel  has  tnade  ; 
but  there  are  rapid  currents  in  many  places  of  the 
ocean,  which  have  the  refemblance  of  a  river  run* 
ntng  in  a  certain  direftion.  Thus  it  is  obferved, 
that  the  Atlantic  ocean  has  a  perpetual  rprrent  into 
'  ^  e  Mediterranean  fea,  through  the  ftraits  of  Gib* 

tar;  and  diat;  the  ocean,  between  Africa  and 
America,  ha&  a  very  confiderable  current  Item  eaft 
to  weft,  fo  flat  a  voyage  to  America  is  performed 
in  much  lefs  time  than  a  voyage  fiakp  America*  to 
Europe.  * 

Were  fuch  currents  conftant  and  well  known^  we^ 
ihould  have  confiderable  affiftaiH:e  toward  forming 
our  calculations :  but  it  has  been  obferved,  that  they^ 
are  fometimes  more,  fometimes  lets  rapid,  zm  that 
they  frequently  change  their  diredion ;  which  de*^ 
ranges  the  calculations  of  the  moft  ikilful  navigator 
to  fuch  a  degree,  that  it  is  no  longer  lafe  t%  truft 
them.    We  have  but  too  Siany  fatal  inftances  df 
ftups  dajhed  on  concealdd  rocks,  and  loft,  becaul^ 
thefi^  were  computed  to  be  ftitt  at  a;  configurable  dif-^ 
tance.    It  was  afterwards  difcovered,  whe<f  too  ttte, ' 
that  thefe  calamities  had  beeiv  oecafioned  by^the  cur# 
rents  of  the  ocean^  which  deruiged  A4  caltiCdstioM 
of  navigatc»r«# 
!n  h^  irh^  t|id  0ieiA  koff  tf'eiirrcu^  wbidk  makes- 
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it  flow  like  a  river,  following  a  certain  diredioiiy 
,  veflels  caught  in  it  are  carried  away  imperceptibly. 
In  a  river  we  clearly  perceive  that  the  current  is  car-, 
rying  us  along,  by  obferving  the  banks  or  the  bot- 
tomT^t  at  fea  no  land  is  vifible,  and  the  depth  is 
too  giT^t  to  admit  of  our  making  any  obfer vation 
from  the  bottom.  At  fea,  then,  it  is  impoflible  to 
r  decern  the. currents;  and  hence  fo  many  dreadful 
mifiakes,  refpefting  both  courfe  and  diftance.  Whe- 
tbxXp  therefore,  we  take  tempefts  into  the  account, 
or  not,  we%re  always  under  the  neceffity  of  failing 
on  other  methods  of  afcertaining  the  longitude  df 
the  placei^where  wc  inay  arrive ;  and. of  the  various, 
methods  hitherto  employed  for  acquiri|jg  this  know- 
ledge of.  the Jbngitude,  I  now  proceed  to  inform 
yok. 

« 

j%tb  September 9  1761. 
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%^       ^  LETTER    XLVin. 

jt        Sicond  Method  of  determining  the  Longitude y  by  Means 

of  an  exait  Time  Piece. 

VERY  fure  method  of  finding  the  longitude, 

would  be  a  dock,  watch,  or  pendulum,  fo 

perfeft,  that  is  to  fay,  which  ihould  always  go  fo 

equ#y:,  and  fo  exaftly,  that  no  concuflion  fhall  be 

able  to  iifieft  its  motion.  v 

Suppofing  fudx  ^  tlxo^-piece  conftrufted,  let  us  fee 
in  what  manner,  by  means  of  it,  we  ihould  be  en- 
abled  to  foke  the  problem  of  the  longitude.    We 
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mifft  return,  for  this  purpofe,  to  the  confideration  of 
meridians,  which  we  are  to  conceive  to  be  drawn 
through  every  place  on  the  furface  of  the  globe. 

You  know  that  the  fun  feems  to  defcrib^, every- 
day a  circle  round  the  earth,  and  that,  of  confe- 
quence,  he  paffes  fucceflively  over  all  the  meridians 
in  the  fpace  of  twenty-four  hours. 

Now,  the  fun  is  faid  to  pais  over^  or  through,  a 
^ven  meridian,  if  a  ftraight  line  drawn  from  the. 
fun  to  the  centre  of  the  earth  C,  (plate  Lj^g*  8.  J  pa& 
precifely  through  that  meridian.  If  therefore,  in  the 
pitfent  cafe,  the  line  drawn  from  the  fun  to  the 
centre  of  the  earth  pafs  through  the  meridian  BLM  A, 
we  would  Iay%iat  the  fun  was  in  that  meridian,  and 
then  it  would  be  mid-day  to  all  the  jjlaces  fituated 
under  fuch  meridian;  but  under  every  other,  it 
would  not  be  mid-day  at  that  precife  infiant;  it 
would  there  be  before  noon  or  after  it,  evcry^'whcre 

elfe.  ^ 

w 

If  the  meridian  BNA  is  fituated  to  the  eaffward 
of  the  meridian  BMA,  the  fun,  in  making  his  cir- 
cuit from  eafl:  to  wefl,  mufl  pafs  over  the  meridian 
BNA  before  he  reaches  the  meridian  BMA;  con- 
fequently  it  will  be  mid-day  under  the  meridian 
BNA  earlier  than  under  the  meridian  BMA;  when, 
therefore,  it  fhall  be  mid-day  under  this  lafl  meri- 
dian, mid-day  under  every  other  meridian  to  the 
eaftward  will  be  already  paft,  or  it  will  be  afternoon 
with  them.  On  the  contrary,  it  will  be  fliU  fore- 
peon  under  every  meridian,  £iy  BDA,  fituated  to 

the 
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the  weftward,  as  the  fun  cannot  reach  it  till  he  haS 
paffed  over  the  meridian  BMA. 

And  as  the  motion  of  the  fim  is  regular- and  uni* 
form,b|MDd  he  completes  his  circuit  of  the  globe,  that 
is  360  degrees,  in  twenty-four  hours,  he  muft  every 
hour  defcribe  an  arch  of  15  degrees.  When,  there- 
fore,  it  is  noon  at  Berlin,  and  at  every  other  place 
fituated  under  the  fame  meridian  1  noon  will  be  al- 
ready paft  under  meridians  fituated  to  the  eaftward ; 
and  more  ip'ticularly  ftill  under  the  meridian  fitu- 
ated 1 5  degrees  to  the  eaftward  of  that  of  Berlin,  it 
will  already  be  one  o'clock ;  under  the  meridian  5b 
degrees  eaftward,  two  o'clock ;  under  that  of  45  de* 
grees^  three  o'clock  afternoon,  and  fo  fh.  The  con* 
trary  will  tali^lace  iinder  meridians  fituated  to  the 
wcftward  of  that  of  Berlin ;  when  it  is  noon  there, 
itwilLbe  only  eleven  o'clock  forenoon  under  the 
meridian  15  degrees  to  the  weftward,  ten  o'clock 
^nder  the  meridian  of  30,  nine  o'clock  under  the 
mericftan  of  45  degrees  weftward,  and  fo  on  ;  a  dif- 
ference of  1 5  degrees  between  two  meridians  always 
amounting  to  an  hour  of  time. 

To  elucidate  ftill  more  clearly  what  has  now  been 
remarked,  let  us  compare  the  two  cities  Berlin  and 
Paris.  As  the  meridian  of  Berlin  .is  11®  \f  1 5'',  to 
thp  eaftward  of  that  of  Paris,  reckoning  an  hour  to 
15  degrees,  thisdmerence  of  11^  7'  15",  will  give 
44  minutes  and  29  feconds  of  time,  or  three  quar- 
ters of  an  hour  nearly.  When,  therefore^  it  is  mid-» 
day  at  Paris,  it  wiS  be  44  minutes  and  29  fecond& 

after 
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after  mid-day  at  Berlin  ;  and  reciprocally,  when  it 
is  mid-day  at  Berlin,  it  will  only  be  1 5  minutes  and 
3 1  feconds  after  eleven  o^dock  at  Paris :  fo  that  it 
will  not  be  noon  at  this  laft  city  till  44  minutes  and 
S9  feconds  afterwards.  Hence  it  is  evident  that  the 
clocks  at  Berlin  fhould  always  be  fefter  than  thofe  of 
Paris,  and  that  this  diflFerence  ought  to  be  44  mi- 
nutes and  29  feconds. 

The  difference  between  the  meridians  of  Berlin 
and  Magdeburg  is  i^  40',  Berlin  therefore  is  to  the 
eaftward  of  Magdeburg ;  and  this  difference  reduced 
to  time  ^ves  6  minutes  and  40  feconds,  wl^ich  the 
clocks  of  Berlin  ought  to  indicate  more  than  that 
of  Magdeburg.  Confequently,  if  it  is  juft  now  noon 
at  Magdeburg,  and  the  clocks  there,  which  I  fup- 
pofe  well  Regulated,  point  to  XII.  the  clocks  at  Ber- 
lin fliould,  at  the  feme  inftant,  indicate  6  minutes 
and  40  feconds  after  XII,  that  is,  noon  there  is  al- 
ready paft. 

Hence  you  fee,  that  in  proportion  as  places  diffef 
in  longitude,  or  as  they  are  fituated  under  different 
meridians,  well  regulated  time-pieces  ought  not  to 
point  out  the  fame  hour  at  the  fame  inftant,  but  the 
difference  ought  to  be  a  whole  hour,  when  that  of 
the  longitude  is  1 5  degrees. 

In  employing  a  time-piece  then  for  afcertaining  the 
longitude  of  the  places  through  which  we  pafs^  it 
would  firft  be  ncceffary  to  regulate  it  exadly  at  fome 
place  where  we  aftually  were.  This  is  done  by  ob- 
fcrving  the  inftant  of  noon,  that  is  the  inftant  when 
the  fun  pafles  over  the  meridian  of  that  place ;  and 

the 
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the  time-piece  ought  then  to  point  precifely  to  XIIw 
It  ought  afterwards  to  be  adjufted  in  fuch  a  manner, 
that  always  after  a  revolution  of  24  hours,  \V^hen  the 
ftin  returns  to  the  meridian,  the  index,  after  having^ 
made  two  complete  circuits,  fhould  again  point  ex- 
aftly  to  XII.  If  this  is  carefully  obferved,  fuch  well 
regulated  time-pieces  will  not  coincide  in  different 
places,  unlefs  thefe  be  fituated  under  one  and  the  feme 
meridian ;  but  if  they  are  fituated  under  different 
meridians,  that  is  if  there  be  a  difference  of  longi- 
tude, the  time  indicated  by  the  clock  or  watch,  at 
thfe  fame  moment,  will  likewife  be  different ;  at  the 
rate  of  one  whole  hour  of  time  for  every  1 5:  degrees 
c^  longitude. 

Knowing  then  the  difference  of  time,  indicated  by" 
well  regulated  time-pieces,  at  different  places,  and 
at  the  fame  inftant,  we  are  enabled  exactly  to  com-* 
pute  the  difference  of  longitude  at  thefe  two  places, 
reckoning  always  15  degrees  for  an  hour,  and  the 
fourth  part  of  a  degree  for  a  minute. 

1 5/^  September y  1761. 

LETTER  XLIX. 
Continuation^  and  farther  Elucidations. 

YOU  will  be  lefe  furprifed  at  the  difference  of 
time  which  well  regulated  time-pieces  muft  in- 
dicate, under  different  meridians,  when  you  reflect:, 
that  wlule  it  is  noon  with  us,  there  are  countries  to- 
ward the  eaft,  where  the  fun  is  already-  fet,  and  that 

there 
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there  are  others  toward  the  weft,  where  he  is  but 
juft  rifing.  It  muft  therefore  be  already  night  with 
the  one,  and  ftill  morning  with  the  other,  at  the 
fame  inftant  that  it  is  noon  with  us.  You  know^ 
befides,  that  with  our  antipodes,  who  are  under  the 
meridian  diametrically  oppofite  to  ours,  it  is  night, 
while  it  is  day  with  us  j  fo  that  our  noon  correfponds 
exadly  to  their  midnight. 

It  will  be  an  eafy  matter,  after  thefe  elucidations^ 
to  fiiew  how  an  exaft  time-piece  may  affift  us  in  dif- 
covering  the  diflference  of  meridians,  or  that  of  the 
longitude,  at  different  places. 

Suppoiing  me  poffeffed  of  fuch  an  excellent  time- 
piece, which,  once  exactly  regulated,  fliews  me  every 
day  the  precife  time  *  it  is  at  Berlin,  fo  that  when- 
ever it  is  noon  at  Berlin,  it  points  precifely  to  XIL : 
fuppofing  farther,  that  it  goes  fo  regularly,  that  once 
adjufted,  I  have  no  farther  occaiion  to  touch  it,  and 
that  it's  motion  is  not  to  be  deranged  either  by  the 
fliaking  of  a  carriage,  or  the  agitation  of  a  veffel  on 
the  ocean,  or  by  any  concuflion  whatever  to  which 
it  may  be  expofed. 

Provided  thus,  with  a  time-piece  of  this  defcrip- 
tion,  I  fet  out  to  travel,  whether  by  land  or  by  fea ; 
perfeftly  affured  that,  go  where  I  will,  it's  motion  will 
be  fteady  and  uniform,  as  if  I  had  remained  at  Berlin  : 
it  will  every  day  point  to  XII.  at  the  very  moment 

*  Wc  muft  here  underftand  the  mean  (in  French  moyen)  time 
whofc  relation  to  the  true  time  is  laid  down  in  aftronomical  tables. 
The  author  deemed  it  unnccfeffkry  here  to  point  out  that  diftinc- 
tion,  as  it  would  have  led  to'a  detail  too  minute.'— i-jp.  £. 

it 


1 90  KNOWLEDGE  OF  THE  XONGITUDE# 

it  is  noon  at  Berlin,  and  that,  wherever  I  may  happeis 
to  be.  On  this  journey,  I  arrive  firft  at  Magdeburg: 
there  I  obferve  the  fun  when  he  paffes  the  meridian^ 
and  thb  happens  when  he  is  exadly  fouth  j  and  it 
being  then  noon  at  Magdeburg,  I  confult  my  time- 
piece, and  obferve  it  points  to  6  minutes  and  40  ie- 
conds  after  Xn. :  whence  I  conclude,  that  when  it  is 
noon  at  Magdeburg,  noon  at  Berlin  is  already  paft^ 
and  that  the  difference  is  6^  40",  of  time,  which  cor- 
refpond  to  1^  40^  of  diftance ;  therefore  the  meridian 
of  Magdeburg  is  to  the  weft  ward  of  that  of  BerliiB^ 
The  longitude  of  Berlin,  therefore,  being  31*  /  1$"^ 
the  longitude  of  Magdeburg  will  be  1°  40'  lefe,  that 
is,  it  will  be  29^  27' 15''. 

I  thence  proceed  toHamburgh,  accompanied  by 
my  time-piece,  which  I  never  touch ;  and  there  ob^ 
ferving  when  it  is  noon  by  the  fun,  for  I  cannot  de- 
pend on  the  public  clocks  which  there  announce  the 
hour,  I  find  my  time-piece  already  announces  13''  33" 
after  XIL;  fo  that  at  BerKn  noon  is  paffed  13'  33^' 
when  it  is  exactly  noon  at  Hamburgh ;  hence  I  con- 
clude, that  the  meridian  of  Hamburgh  is  3^  23^  15" 
to  the  weftward  of  that  of  Berlin ;  reckoning  1 5^,  to 
an  hour,  that  is  one  degree  for  every  4  minutes  o£ 
time;  accordingly  I  find  that  13^  33'''^  oi  time  give 
3^  23^  15'^  of  diftance,  for  the  difference  of  the  me- 
ridians.    The  longitude  of  Hamburgh  will  be,  of 
courfe,  27^  44'. 

At  Hamburgh  1  go  to  fea,  ftill  accompanied  by  my 
time-piece,  and  after  a  long  voyage  I  arrive  at  a  place 
where,  waiting  for  noon,  the  moment  of  which  I 

afcertain 
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afcertain  by  obferving  the  fun,  I  find  that  my  time* 
piece  indicates  only  58'  15^'  after  X.  fo  that  then  it 
is  not  yet  noon  at  Berlin,  and  the  difference  of  time 
is  I  hour  1'  45'',  from  which  I  conclude,  that  the 
place  at  which  I  have  arrived  is  to  the  eaftward  of 
Berlin ;  and  as  one  hour  ^ves  1 5  d^rees,  one  mi«» 
nutc  of  time  15%  and  45  feconds  of  time  11'  15"^ 
the  diflference  of  the  meridians  will  therefore  be  1 5^ 
26^  1 5^.  I  find  then  that  I  am  at  a  place  to  the  eaf.« 
ward  of  Berlin ,  whofe  longitude  is  greater  than  that 
<^  Berlin  by  15^  26^  15'' ;  now  the  longitude  of  that 
city  being  31®  7^  is"y  the  longitude  of  the  place 
where  I  am  muft  be  46^  33^  30"..  Thus  I  have  dif- 
covered  under  what  meridian  I  now  am,  but  I  am 
fiill  uncertain  as  to  the  point  of  the  meridian.  In 
order  to  afcertain  this  I  have  recourfe  to  aftronomi« 
cal  obfervations,  and  find  the  height  of  the  pde  to 
be  precifely  41®.  Knowing  likewife  that  I  am  ftill  in 
the  northern  hemifphere,  as  I  have  not  palled  the 
equator,  I  difcover  that  I  aftually  am  at  a  place  whofe 
latitude  is  41^  north,  and  the  longitude  46^  33''  30". 
I  take  therefore  my  globe,  pr  maps,  and  trace  the 
meridian  whofe  longitude  is  46**  33^  30";  I  look  for 
the  place  whofe  latitude  is  41%  and  at  the  point  of 
interfeftion  I  find  I  have  got  to  the  city  of  Conftan- 
tinople,  without  having  occafion  to  apply  for  infor- 
mation to  any  perfon  whatever. 

Thus,  at  whatever  place  of  the  globe  I  may  ar- 
rive, poffeffed  of  a  time-piece  fo  exacfc,  I  am  able  to 
afcertain  the  longitude  of  it,  and  then  an  obfervation 
of  the  height  of  the  pole  will  fhew  me  it's  latitude, 
iLll  thai  remains  therefore  is  to  take  the  terreftrial 
7  globe> 
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globe,  or  a  good  map,  and  it  will  be  eafy  for  me  to 
afcertain  where  I  am,  however  unknown  to  me  the 
country  may  in  other  refpecls  be. 

It  is  much  to  be  regretted,  that  artifts  of  the 
greateft  ability  have  hitherto  been  unfuccefsfiil  in  the 
conftruAion  of  time-pieces  fuch  as  I  have  defcribed, 
and  fUch  as  the  cafe  requires.  We  meet  with  a  great 
many  very  good  pendulum  machines,  but  they  go 
regularly  only  when  fixed  in  undifturbed  utuations  j 
the  flighteft  concuffion  is  apt  to  derange  their  motionj 
they  are  therefore  totally  ufelels  in  long  fea  voyages* 
It  is  obvious  that  the  pendulum,  which  regulates  the 
motion,  is  incapable  of  refifting  the  fliocks  to  which 
it  is  expofed  in  navigation.  About  ten  years  ago, 
however,  an  Englifh  artift  pretended  that  he  had 
conflxucled  a  time-piece  proof  againft  the  motion  of 
a  fhip  at  fea,  and  that  after  having  tried  it  a  long 
time  together  in  a  carriage  on  the  road,  it  was  im* 
poffible  to  perceive  the  flighteft  derangement:  on 
which  the  inventor  claimed,  and  received  part  of  the 
parliamentary  prize  propofed  for  the  difcovery  of  the 
longitudp,  and  the  reft  was  to  be  paid,  after  it  had 
been  put  to  the  proof  of  a  long  voyage.  But  fince 
that  time  we  have  heard  no  more  of  it ;  from  which 
it  is  to  be  prefumed  that  this  attempt  too  has  failed, 
like  many  others  which  had  the  fame  objeft  in  view*. 

I  (^th  September y  1761. 

*  The  Author  is  here  undoubtedly  alluding  to  Mr.  Harrifm^ 
•whofe  marine  time-piece  has  been  tried  with  fuccefs  in  England* 
Meifrs.  le  Roy  and  Berthout  kikve^  in  Frapce^  approved  their  talents 
\a  the  fame  way,-— £>  E* 

LETTER 
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LETTER   L. 

EeUpfes  of  the  Mooftj  a  Third  Method  of  finding  the 

Lon^tude. 

FROM  want'of  the  exquifite  thne-piece,  of  which 
I  have  endeavoured  to  give  you  an  idea,  the 
eclipfes  of  the  moon  have  hitherto  been  coniidere4 
as  the  moft  certain  method  of  difcovering  the  longi- 
tude; but  thefe  phenomena  prefent  themfelves  fo 
rarely,  that  we  have  it  not  in  our  power  to  employ 
them  fo  often  as  occafion  recjuires. 
^  You  know  that  the  moon  is  edipfed,  when  it  pafles 
into  the  ihadow  of  the  earth :  it  is  poffible,  then,  to 
obferve  the  moment  whoi  the  moon  begins  to  enter 
into  the  fliade,  and  when  fhe  has  emerged ;  the  one 
is  denominated  the  beginning  of  the  eclipfe,  and  the 
other  its  end ;  and  when  both  are  obferved,  the 
mean  time  betwixt  them  is  denominated  the  middle 
of  the  eclipfe.  The  moon  is  fometimes  wholly  itn- 
merged  in  the  ihadow  of  the  earth,  and  remains  for 
fome  time  invifible ;  this  we  call  a  total  ejclipfe,  during 
which  we  may  remark  the  moment  when  the  moon 
entirely  difappears,  and  that  when  flie  begins  to 
emerge ;  the  former  is  called  the  beginning  of  total 
darknefs,  and  the  latter,  the  endjof  it.  But  when  a 
part  only  of  the  moon  is  obfcured,  we  call  it  a  partial 
edipfe,  and  we  can  remark  only  the  moment  of  its 
beginning  and  ending.  You  know  likewife  that 
Vol.  II.  O  edipfps 
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cclipfes  of  the  moon  can  happen  only  at  the  full,  and 
that  but  rarely. 

When,  therefore,  an  eclipfc  of  the  moon  is  ol> 
fcrved  at  two  different  places  fituated  under  different 
meridians,  the  beginning  of  the  eclipfe  will  be  clearly 
feen  at  both,  and  at  the  fame  inftant,  but  the  time- 
pieces  at  thefe  different  places  will  by  no  means  indi- 
cate the  fame  hour,  or  any  other  divifion  of  time  ex- 
aftly  the  fame :  I  mean  well  regulated  time-pieces, 
each  of  which  points  precifely  to  XII.  when  it  is  noon 
at  that  place.  If  thefe  places  arc  fituated  under  the 
fame  meridian,  their  time-pieces  will  no  doubt  indi- 
cate the  fame  time  at  the  beginning  and  at  the  end  of 
the  eclipfe.  But  if  thefe  two  meridians  are  1 5  de- 
gtees  diftant  from  each  other,  that  is,  if  the  difference 
of  their  longitude  be  15°,  the  time-pieces  muft  differ 
a  complete  hour,  from  the  beginning  to  the  end  of 
the  eclipfe ;  the  time-piece  of  the  place  fituated  to  the 
eaftward  will  indicate  one  hour  more  than  the  other  ; 
the  difference  of  30®  in  longitude  will  occafiori  that 
of  two  hours  in  the  time  indicated  by  well  regulated 
clocks  or  watches ;  and  fo  on,  according  to  the  fed- 
lowing  table. 


DiFFERENCJi 
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DIFFERENCE    OF    LONGITUDE. 

of  Degrees.          of  Time. 

15° 

I  hour. 

30°. 

2. 

45°- 
€0°. 

3- 
4. 

90°. 

5- 
6. 

105^ 

7- 

120*, 

8. 

135° 

9. 

150°. 
165°. 

10. 
II. 

180,, 

,  '  .        12. 

■ 

If  therefore  the  difference  of  longitude  were  150=, 
the  time-pieces  would  differ  i  o  hours  from  the  be* 
ginning  to  the  end  of  the  eclipfe. 

Thus  when,  the  fame  eclipfe  is  obferved  at  two 
different  places,  and  the  moment  of  it's  commence- 
ment is  exaftly  marked. on  the  time-pieces  at  each, 
it  will  be  eafy  to  calculate,  from  the  difference  of 
the  time  indicated,  the  difference  of  longitude  be- 
tween the  two  places.  Now,  that  where  the  time  is 
more  advanced,  muft  be  fituated  more  toward  the 
eaft,  and  confequently  it*s  longitude  greater,  as  lon- 
gitude is  reckoned  from  weft  to  eaft. 

By  fuch  means,  accordingly,  the  longitude  of  the 
principal  places  on  the  globe  have  been  deternwied, 

O  2  and 
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and  geographical  charts  are  conftrufted  conformably 
to  thefe  determinations*  But  it  is  always  neceflary  . 
to  compare  the  obfervatiotis  made,  in  a  place  the  lon- 
gitude of  which  was  not  already  known,  with  thofc 
which  had  been  made,  in  1  known  place,  and  to  wait 
the  refult  of  that  comparifon.  Were  I  to  arrive  then, 
after  a  long  voyage,  at  an  unknown  place,  and  an 
opportunity  prefented  itfelf  of  there  obferving  an 
edipfe  of^  the  knoon ;  this  would,  in  the  firft  ihflance, 
afford  mc  no  afliftance  toward  the  difcovery  of  the 
longitude  of  that  place ;  I  could  not  till  after  my  re- 
turn compare  my  obfervation  with  another  made  in 
a  known  place,  and  thus  1 0iould  learn  too  late  where 
I  Was  at  that  time.  The  grand  point  in  requeft  is. 
How  am  I,  at  the  moment,  to  acquire  the  ncceffary 
information,  that  I  may  take  my  meafures  accord- 
ingly ? 

Now  the  motion  6f  the  moon  being  fo  exadly 
known^  it  is  poffible  to  attain  this  fatisfadtion,  for  we 
are  thereby  enabled  not  only  to  cafculate  before-hand 
all  future  eclipfes,  but  to  afcertain  the  moment  of 
the  beginning  and  end,  according  to  the  time-pieces 
of  a  given  place.  You  know  that  our  Berlin  alma- 
nacks always  indicate  the  beginning  and  the  end  of 
every  cclipfe  vifible  at  that  city.  ^  In  the  view,  then, 
of  undertaking  a  long  voyage^  I  can  furniih  myfelf 
with  a  Berlin  almanack,  and  if  an  opportunity  pre- 
fents  itfdf  of  obferving  an  cclipfe  of  the  moon  at  an 
unknown  place,  t  muft  mark  exa<Etly  the  time  of  it, 
by  a  titn^-piece  accurately  regulated  by  the  fiUi  at 
HOOfl,  and  coii^re  the  momenta  o^  the  beginning 

#  and 
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and  end  of  the  eclipfe  with  thofe  indicated  in  the 
ahnanack,  in  order  to  afcertain  the  difference  be* 
tween  the  meridian  of  Berlin,  and  that  which  paffes 
through  the  place  where  I  am. 

But  befide  the  rarity  of  eclipfes  of  the  moon,  this 
method  is  fubjedl  to  a  farther  inconvenience  j  we  are 
not  always  able  to  diftinguifli,  with  fufficient  accu* 
racy,  the  moment  of  the  beginning  and  end  of  th§ 
eclipfe,  which  comes  on  fo  imperceptibly  that  a  mif- 
take  of  feveral  feconds  may  very  eafily  be  committed* 
But  as  the  miftake']will  be  nearly  the  fame  at  the  end 
as  at  the  beginning,  we  calculate  the  middle  point  of 
time  between  the  two  moments  obferved,  which  will 
be  that  of  the  eclipfe,  and  we  afterward  compare 
this  with  that  which  is  indicated  by  the  almanack 
for  Berlin,  or  for  any  other  known  place. 

If  the  almanack  for  next  year  fhould  not  be  pubt 
lifhed,  when  I  fet  out  on  my  voyage,  or  fuppofing  it 
to  laft  more  years  than  one,  there  are  books  contain* 
jng  the  eclipfes  calculated  for  feveral  years  to  come« 

%zd  September  f  1761. 


LETTER  LI, 

Ob/ervation  of  the  Eclipfes  of  the  Satellites  ofyupiter^  0 
Fourth  Method  of  finding  the  Lon^itude^ 

ECLIPSES  of  the  fun  may  likewife  affift  in  afcer- 
taining  the  longitude,  but  in  a  way  tliat  re-* 
quires  more  profound  refearch,  becaufe  the  fun  ia 
not  immediately  obfcured ;  it  is  only  the  interpofi-« 

O  3  tioxi 
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tion  of  the  body  of  the  moon,  which  obftrufts  the 
tranfmiffion  of  his  rays  to  us ;  as  when  we  employ 
-a  parafol  to  fhelter  us  from  them,  which  prevents 
not  others  from  beholding  all  their  luftre.  For  the 
moon  conceals  the  fun  only  from  part  of  the  inha* 
bitants  of  the  earth ;  and  an  eclipfe  of  the  fun  may 
be  clearly  vifible  at  Berlin,  while  at  Paris  there  is  no 
interception  of  his  light. 

But  the  moon  is  really  eclipfed  by  the  fliadow  of 
the  earth;  her  own  light  is  diminiflied  or  extin- 
guifhed  by  it ;  hence  the  eclipfes  of  the  moon  are 
feeh  in  the  fame  manner,  wherever  fhe  is  above  the 
horizon  at  the  time  of  the  eclipfe. 

It  cannot  have  efcaped  your  penetration,  that  if 
there  were  other  heafvenly  bodies  which,  from  time 
to  time,  underwent  any  real  obfcuration,  they  might 
.  be  employed  with  fimilar  fuccefs,  as  the  eclipfes  of 
the  i^ioon,  in  afcertaining  the  longitude.  The  fatel- 
lites  of  Jupiter,  which  pafs  fo  frequently  into  the" 
ihadow  of  their  planet,  that  almoft  every  night  one 
or  other  of  them  is  eclipfed,  may  be  ranked  in  the 
number  of  thefe,  and  furnifli  us  with  another  excel- 
lent method  of  determining  the  longitude.  Aftro- 
nomers  accordingly  employ  it  with  great  fuccefs. 

You  know  that  Jupiter  has  four  fatellites,  which 
make  their  revolutions  round  him,  each  in  his  own 
orbit,  as  reprefented  in  the  annexed  figure  (plate  IT. 
fig.  I.J  by  circles  defcribed  round  Jupiter.  I  have 
likewife  reprefented  the  fun  in  this  figure, '  in  order 
to"  exhibit  the  fliadow  A  OB  behind  the  body  of  Ju- 
piter.    You  fee  the  firft  of  thefe  fatellites,  marked  i, 

on 
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on  the  point  of  entering  into  the  fliadow ;  the  fe- 
cond,  marked  2,  has  juft  left  it ;  the  third,  3,  is 
ftill  at  a  great  diftahce,  but  approaching  to  it ;  and 
the  fourth,  4,  has  left  it  a  confiderable  time  ago. 

As  foon  as  one  of  thefe  fatellites  pafles  into  the 
ihade,  it  becomes  invifible,  and  that  fuddenly;  fo 
that  at  whatever  place  of  the  globe  you  may  happen 
to  be,  the  fatellite  which  was  before  diftincUy  vifible, 
difappears  in  an  inftant.  This  entrance  of  a  fatellite 
into  the  fliadow  of  Jupiter  is  denominated  immerjion^ 
and  it's  departure  from  the  fliade  emerfion ;  when  the 
fatellite,  which  had  for  fome  time  been  invifible,  fud* 
denly  re-appears. 

The  immerfions  and  emerfions  are  equally  adapted 
to  the  determination  of  the  longitude,  as  they  take 
place  at  a  decided  inftant ;  fo  that  when  fuch  a  phe- 
nomenon is  obferved  at  feveral  places  of  the  globe, 
you  muft  find,  in  the  time  indicated  by  the  time- 
pieces of  each,  the  difference  which  exactly  corre- 
Iponds  to  the  difference  of  the  diftance  of  their  me- 
ridians. Is  is  the  fame  thing  as  if  we  obferved  the 
beginning  or  the  end  of  an  eclipfe  of  the  moon ;  and 
the  cafe  is  then  involved  in  no  difficulty.  For  fome 
time  paft  we  have  been  able  to  calculate  thefe  ecHpfes 
of  the  fatellites  of  Jupiter,  that  is  their  immerfions 
and  emerfions ;  and  we  have  only  to  compare  the 
time  obferved,  with  the  time  calculated  for  a  given 
place,  fay  Berlin,  in  order  to  conclude,  at  once,  the 
diftance  of  it's  meridian  from  that  of  our  capital. 

This  method  is  accordingly  praftifed  univerfaHy 
in  travelling  by  land:  but  the  mpan^  hjve  n,ot  yet 

O  4  beeiR 
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,boea  difcovered  of  profiting  by  it  at  fea,  where,  how« 
ever,  it  is  of  £dll  greater  importance  for  a  man  to 
know  with  certainty  where  he  is.  Were  the  fatd« 
lites  of  Jupiter  as  vifible  to  the  naked  eye  as  the 
moon  is,  this  method  would  be  attended  with  no 
difficulty,  even  at  fea,  but  the  obfervation  cannot  be 
made  without  a  telefcope  of  at  leaft  four  or  five  feet 
\n  length,  a  circumftance  which  prefents  an  infur- 
unountable  obfiacle. 

You  well  know  that  it  requires  fome  addreis  to 
manage,  even  at  land,  a  telefi:x)pe  of  any  length,  to 
dired  it  toward  the  object  which  you  wilh  to  con- 
template, and  to  keep  it  fo  fteady  as  not  to  lofe  the 
objed :  you  will  eafily  comprehend,  then,  that  a  ihip 
^  fea,  being  in  a  continual  agitation,  it  mufl:  be  al*> 
moft  impoffible  to  catch  Jupiter  himfelf ;  and  if  you 
(ould  find  him,  you  would  lofe  him  again  in  a  mo- 
ment. Now  in  order  to  make  an  accurate  obferva- 
tion of  the  immerfion  or  emerfion  of  one  of  the  fa- 
tellites  erf  Jupiter,  it  is  abfolutely  neceffiury  that  you 
fliould  have  it  in  ypur  power  to  look  at  him  fteadily 
for  fome  time  together,  and  this  being  impoffible  at 
(ea,  we  are,  to  all  appearance,  conftrained  to  aban- 
don this  method  of  determining  the  longitude. 

This  inconvenience,  however,  may  be  remedied 
two  ways  j  the  oiie  by  the  conftrudion  of  telefcopes 
fix  inches  long,  or  ftill  lefs,  capable  of  difcovering 
clearly  the  fatellites  of  Jtipiter;  and  there  can  be  no 
doubt  that  thefe  would  be  more  manageable  than 
fuch  as  are  four  or  five  feet  in  length.  Artifis  are 
ajftually  employing  themfdves  with  fuccefi  in  brbg- 
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ing  teleicopcs  of  this  fort  to  perfeftion ;  but  it  has 
not  yet  been  proved  whether  or  not  it  will  require 
as  much  addreis  to  point  them  to  the  objed,  as  thofe 
which  are  longer* 

.  The  other  way  would  be  to  contrive  a  chdr,  to  be 
yfed  on  ihip-board,  which  Ihould  remain  fixed  and 
motionleis,  fo  as  not  to  be  affeded  by  the  a^tation 
of  the  vefleL  It  does  not  feem  impoffible  that  a 
dextrous  mode  of  balancing  might  eflFect  this.  In 
fad,  it  is  not  long  fince  we  read  in  the  public  prints, 
that  an  Eng^ifhman  pretended  that  he  had  confiiruded 
fuch  a  chair,  and  thereupon  claimed  the  prize  pro- 
poied  for  the  difcovery  of  the  longitude.  His  claim 
was  wdl  founded,  if  he  indeed  conftruded  the  ma- 
chine, as  it  would  be  poffible,  by  means  of  it,  to 
obferve  at  fea  the  immerfions  and  emerfions  of  the 
fatelUtes  of  Jupiter,  which  are  undoubtedly  very 
much  adapted  to  the  making  of  this  difcovery :  but 
for  fome  tiinc  paft  no  farther  mention  has  been  made 
of  it.  From  the  whole,  you  muft  have  perceived  to 
how  many  difficulties  the  difcovery  of  the  longitude 
IS  fubjected. 

LETTER    LII. 

The  Motion  of  the  Moon^  a  Fifth  Method. 

THE  heavens  furnifh  us  with  one  refource  more 
for  difcovering  the  longitude  without  the  af- 
fifiance  of  telefcopes,  in  which  aflronomers  feem  to 

place 
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place  the  greateft  confidence.  It  is  the  moon,  not 
only  when  eclipled,  but  at  all  times,  provided  ihe  be 
vifible ;  an  unfpeakable  advantage,  confidering  that 
eclipfes  are  fo  rare,  and  that  the  imnierfions  and 
emeriions  of  the  iatellites  of  Jupiter  are  of  fuch  dif- 
ficult obfcrvation';  there  being  a  confiderable  time 
every  year,  during  which  the  planet  Jupiter  is  not 
rifible  to  us,  whereas  the  moon  is  almoft  conftantly 
in  view. 

You  muft  undoubtedly  have  already  remarked, 
that  the  moon  rifes  every  day  almoft  three  quarters 
of  an  hour  later  than  the  preceding,  not  being  at- 
tached to  one  fixed  place  relatively  to  the  ftars,  which 
always  preferve  the  fame  fituation  with  refpeft  to 
each  other,  though  they  have  the  appearance  of  be- 
ing carried  round  by  the  heavens,  to  accomplilh 
every  day  their  revolution  about  the  earth.  I  fpeak 
here  according  to  appearances ;  for  it  is  the  earth 
which  revolves  every  day  round  it's  axis,  while  the 
heavens  and  the  fixed  ftars  remain  at  reft ;  while  the 
fun  and  planets  are  continually  changing  their  place 
relatively  to  thefe.  The  moon  has  likewife  a  motion, 
abundantly  rapid  from  one  day  to  another^  with  re- 
lation to  the  iixed  ftars. 

If  you  were  to  fee  the  moon  to-day  near  a  certain 
fixed  ilar,  it  will  appear  to-morrow,  at  the  fame 
hour,  at  a  confiderable  diftance  from  it,  toward  the 
caft,  and  the  diftance  fometimes  exceeds  even  1 5  de- 
grees. The  velocity  of  her  motion  is  not  always  the 
£ame,  yet  we  are  able  to  determine  it  very  exactly 
for  every  day  j  by  which  means  we  can  calculate. 

befoipe- 
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before-hand  her  true  place  in  the  heavens,  for  every 
hour  of  the  day,  and  for  any  known  meridian,  fay 
that  of  Berlin,  or  Paris. 

Suppofe,  then,  that  after  a  long  voyage  I  find  my- 
felf  at  fea,  in  a  place  altogether  unknown,-  what  ufe 
can  I  make  of  the  moon,  in  order  to  difcover  the  - 
longitude  of  the  place  where  I  am  ?  There  is  no  dif- 
ficulty  witli  refpecl  to  the  latitude,  even  at  fea,  where 
there  are  means  abundantly  certain  for  afcertaining 
the  height  of  the  pole,  to  which  the  latitude  is  al- 
ways equal.  My  whole  attention,  then,  will  be  di- 
refted  to  the  m6on ;  I  will  compare  her  with  the 
fixed  ftars  which  are  neareft,  and  thence  calculate 
her  true  place  relatively  to  them.  You  know  there 
arc  celeftial  glo1>es,  on  which  all  the  fixed  ftars  are 
arranged,  and  that  cekftial  charts  are  likewife  con- 
ftrucled,  fimilar  to  geographical  maps,  on  which  are 
r^prefented  the  fixed  ftars  which  appear  in  a  certain 
quarter  of  the  heavens.  On  taking,  then,  a  celeftial 
chart,  on  which  the  fixed  ftars,  to  which  the  moon 
is  near,  are  marked,  it  will  be  an  eafy  matter  to  de- 
termine the  true  place  where  the  moon  at  that  time 
is  ;  and  my  watch,  which  I  have  taken  care  to  regu- 
late there,  from  an  obfervation  of  the  moment  of 
noon,  will  indicate  to  me  the  time  of  my  lunar  ob- 
fervation. Then,  from  my  knowledge  of  the  moon's 
motion,  I  calculate  for  Berlin,  at  what  hour  flie  muft 
appear  in  the  fame  place  where  I  have  feen  her.  If 
the  time  obferved  exactly  correfpond  with  the  time 
of  Berlin,  it  will  be  a  demonftration,  that  the  place 
where  I  am  is  prccifely  iind^r  the  meridian  of  Berlin, 

and 
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and  that  confequently  the  longitude  is  the  iame« 
But  if  the  time  of  my  obfervation  is  not  that  of  Ber- 
lin, the  difference  will  give  that  which  is  between 
the  meridians ;  and  reckoning  1 5  degrees  for  every 
hour  of  time,  I  compute  how  much  the  lon^tude  of 
the  place  I  am  at  is  greater  or  lels  than  that  of  Ber^ 
lin  :  the  place  where  time  is  more  advanced  has  al«> 
ways  the  greater  longitude. 

This  is  an  abftraft  of  the  manner  of  determining 
longitude  by  fimple  obfervations  of  the  moon.  I  re- 
mark, that  the  happieft  moments  for  fuccefefully 
performing  this  operation,  and  for  accurately  deter- 
mining the  moon's  place,  are,  when  a  fixed  ftar  h^p* 
pens  to  be  conceale4  behind  her  body ;  this  is  called 
occultatiofty  and  there  are  two  inftances  favourable  to 
obfervation,  that  when  the  moon  in  her  motion 
completely  covers  the  ftar,  and  that  when  the  ftar 
re-appears.  Aftronomers  are  particularly  attentive 
to  catch  thefe  inftants  of  occultation,  in  order  to 
calculate  from  them  the  moon's  true  place. 

I  forefee,  however,  an  objeftion  you  will  probably 
makej  refpefting  the  time-piece  with  which  V  fup- 
pofe  our  navigator  provided,  after  having  main- 
tained  the  impoffibility  of  conftrufting  one  that  Ihall 
be  proof  againft  every  agitation  of  a  fhip  at  Tea.  But 
this  impoffibility  refpefts  only  fuch  time-pieces  as  are 
cxpefted  to  preferve  a  regular  motion  for  a  long 
time  together,  without  the  neceffity  of  frequent  ad- 
juftmcnt :  for  as  to  the  obfervations  in  queftion,  a 
common  watch  is  quite  fufficient,  provided  it  go  re- 
gularly for  fome  hours,  after  having  been  carefully 
7  adjufted 


KNOWLfiDGE  OF  THE  LONGITUDE.  20$ 

adjufted  to  the  noon  of  the  place  where  we  are :  fup- 
poiing  a.  doubt  to  arife,  whether  we  could  calculate 
from  it  the  fucceeding  evening  or  night,  at  the  time 
we  obferve  the  moon,  the  ftars  likewife  will  afford 
the  means  of  a  new  and  accurate  adjuftment.  For 
as  the  fituation  of  the  fun,  with  relation  to  the  fixed 
ftars,  is  perfeftly  known,  for  any  time  whatever, 
the  fimple  obfervation  of  aily  one  ftar  is  fufficient  to 
determine  the  place  where  the  fun  muft  then  be ; 
from  which  we  are  enabled  to  calculate  the  hour 
that  a  well-regulated  time-piece  ought  to  indicate* 
Thus,  at  the  very  inftant  of  making  an  obfervation 
by  the  moon,  we  are  enabled  likewife  to  regulate 
our  time-piece  by  the  ftars,  and  every  time-piece  is 
ibppofed  to  go  regularly  for  fo  ihort  a  fpace. 

2gth  September^  176 1., 


,  LETTER    Lin. 

Advantages '  of  this  lafi  Method  \    its  Degree  of 

Precifion. 

THIS  laft  method  of  finding  the  longitude, 
founded  on  lunar  obfervations,  feems  to  merit 
the  preference,  as  the  others  are  fubjefted  to  too 
many  difficulties,  or  the  opportunities  of  employing 
them  occur  too  feldom,  to  be  ufeful.  And  you  muli 
be  abundantly  fenfible,  that  fuccefs  depends  entirely 
on  the  degree  of  precifion  attained  in  forming  the 
calculation,  and  that  the  errors  which  may  be  com- 
mitted  would  lead  to  conclufions  on  which  we  could 

place 
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place  no  dependence.  It  is  of  importance,  therefore^ 
to  explain  what  degree  of  precifion  we  may  reafon- 
ably  hope  to  be  attainable  in  reducing  this  method 
to  pradice,  founded  on  the  confiderable  change 
which,  the  moon  undergoes,  from  one  day  to  an- 
other, in  her  pofition.  It  may  be  affirmed,  that  if 
the  moon's  motion  were  more  rapid,  it  would  be 
more  adapted  to  the  difcovery  of  the  longitude,  and 
would  procure  for  us  a  higher  degree  of  precifion- 
But  if,  on  the  contrary,  it  were  much  flower,  fo 
tha,t  we  could  fcarcely  difcern  any  change  of  her  po- 
fition from  day  to  day,  we  could  derive  very  little, 
if  any,  affiftance  from  her,  toward  the  difcovery  of 
the  longitude. 

Let  U3  fuppofe,  then,  that  the  moon  changes  her 
place  among  the  fixed  ftars,  a  fpace  of  1 2  degrees  in 
24  hours ;  flie  will,  in  that  cafe,  change  it  one  de* 
gree  in  two  hours,  and  half  a  degree,  or  30  minutes, 
in  an  hour :  if  we  were  to  commit  a  miftake  in  ob* 
ferving  the  moon's  place,  of  30  minutes,  it  would 
be  the  fame  thing  as  if  we  obferved  the  moon  an 
hour  earlier  or  later,  and  we  fliould  commit  a  mif- 
take of  one  hour  in  the  conclufion,  refpccting  the 
difference  of  the  meridians.  Now,  one  hour's  dif- 
fcrence  in  the  meridians  correfponds  to  1 5  degrees 
in  their  longitude ;  confequently,  we  fliould  be  mif- 
taken  1 5  degrees  in  the  longitude  itfelf  of  the  place 
we  look  for  j  which  would  undoubtedly  be  an  error 
fo  enormous,  that  it  were  almoft  as  well  to  know 
nothing  about  it ;  and  a  fimple  computation  of  the 
diflance  and  the  direction,  however  uncertain,  could 

not 
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not  poffibly  lead  to  a  miftake  fo  very  gro£s.  But  a 
man  muft  have  gone  to  work  in  a  very  flovenly  man- 
ner, to  commit  a  miftake  of  30  minutes  refpefting 
the  moon's  place,  and  the  inftruments  which  he  em- 
ployed muft  have  been  very  bad,  a  thing  not  to  be 
fuppofed,     . 

Neverthelefs,  however  excellent  the  inftruments 
may  be,  and  whatever  degree  of  attention  may  have 
been  beftowed,  it  is  impoffible  to  keep  clear  of  all 
error,  and' he  muft  have  acquitted  himfelf  very  well 
indeed,  who  has  not  committed  the  miftake  of  one 
minute  in  determining  the  moon's  place.  Now,  as 
it  changes  half  a  degree,  or  30  minutes,  in  one  hour, 
it  will  change  one  minute  of  diftance  in  two  minutes 
of  time.  When,  therefore,  the  miftake  of  the  moon's 
place  amounts  to  no  more  than  one  minute,  the 
miftake  in  the  difference  of  meridians  will  amount 
to  two  minutes  of  time.  And  one  hour,  or  60  mi- 
nutes, being  equivalent  to  1 5  degrees  of  longitude, 
there  will  refult  from  it  an  error  of  half  a  degree  in 
the  longitude,  and  this  point  of  precifion  might  be 
fuflicient  for  every  purpofe,  were  it  but  attainable. 
•  I  have  hitherto  fuppofed  our  knowledge  of  the 
moon's  motion  to  be  fo  perfect,  that,  for  a  known 
meridian,  we  could  determine  the  moon's  true  place, 
for  every  moment,  without  an  error ;  but  we  are 
ftill  very  far  fliort  of  that  point  of  perfedion.  Within 
thefe  twenty  year?,  the  error  in  this  calculation  was 
more  than  fix  minutes  ;  and  it  is  but  lately  that  the 
ingenious  Profeffor  Mayer^  at  Gottingen,  purfuing 
the  track  I  had  pointed  out  to  him,  has  fucceeded  fo 

far 
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hr  as  to  reduce  this  error  to  leis  than  a  minute.  It 
may  very  eaiily  happen,  then,  that  in  the  calculation 
likewife,  the  error  of  one  minute  may  be  committed; 
which,  added  to  that  of  a  minute  committed  in  the 
obfervation  of  tlie  moon's  place,  will  double  that 
which  refults  from  <t,  refpecbing  the  lon^tude  of 
the  place  where  we  are ;  and,  confequently,  it  may 
poffibly  amount  to  a  whole  degree :  it  is  proper  fer^ 
ther  to  remark,  that  if  the  moon  in  24  hours  (hould 
change  her  relative  iituation  more  than  1 2  degrees^ 
the  error  in  the  longitude  would  be  leis  confiderable. 
The  means  may  perhaps  be  difcovered  of  diminiihing 
mil  farther  the  errors  into  which  we  sure  liable  to 
fall,  in  the  obfervation  and  in  the  calculation ;  and 
then  we  fhould  be  able  to  afcertain  the  longitude  to 
a  degree,  or  lefs.  Nay,  we  ought  not  to  defpair  of 
attaining  a  ftill  higher  degree  of  precifion.  We  have 
only  to  make  feveral  obfervations,  which  can  be  eafily 
done  by  remaining  feveral  days  together  at  the  fame 
place.  It  is  not  to  be  apprehended,  in  that  cafei 
tliat  all  the  conclufions  fliould  be  equally  defective  ; 
fome  will  give  the  longitude  fought  too  great,  others 
too  fmall,  and  by  ftriking  a  medium  between  all  the 
conclufions,  we  may  reft  affured  that  this  longitude 
will  pot  be  one  degree  removed  from  the  truth. 

The  Englifh  nation,  generoufly  difpofed  to  engage 
genius  and  ability  in  this  important  refearch,  has 
propofed  three  prizes,  for  afcertaining  the  lon^- 
tude,  one  of  jT.  1 0,000,  one  of  £.  1 5,000,  and  one  of 
JT.  20,090.  The  firft  of  thefe  is  to  be  beftowed  on 
the  perfon  who  fhall  determine  the  Icmgitude  to  a 

'  degree. 
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degree,  or  about  it ;  fo  as  to  give  perfeft  affurance 
that  the  error  fliall  not  exceed  one  degree  at  moft* 
The  fecond  is  to  be  given  to  him  who  fliall  difeovcr 
a  method  ftill  more  exaft,  fo  as  that  the  error  fliall 
never  exceed  two  thirds  of  a  degree,  or  40  minutes. 
The  higheft  prize  is  deflined  to  the  man  who  fliall 
afcertain  the  longitude  fo  exaftly  that  the  error  fliall 
never  exceed  half  a  degree,  or  30  minutes:  and  a 
higher  degree  of  precifion  is  hardly  to  be  expefted. 
No  one  of  thefe  prizes  has  hitherto  been  allotted : 
I  do  not  take  into  the  account  the  gratification  bc- 
ftowed  on  the  artifl  who  pretended  to  it  from  his 
conftruftion  of  perfeft  time-pieces.  Mr.  Mayer  is 
at  this  moment  claiming  the  higheft,  and  I  think  he 
is  entided  to  it. 

3^  Odi^er^  1 761. 
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LETTER    LIV. 

On  ihe  Marinvr^s  Compafs^  and  the  Properties  Xjf  the 

Magnetic  Needle. 

YOU  are  by  this  time  fufficiently  informed  re- 
fpefting  the  difcovery  of  the  lon^tude :  I  have 
had  the  pleafure  of  explaining  the  various  methods 
which  have  been  employed  for  the  determination  of  it. 

The  firft,  and  moft  natural,  is  carefully  to  obfeme 
the  quantity  of  fpace  which  we  have  gone  over,  arid 
the  direction  jn  which  we  moved  ;  but  the  currents 
and  tempefts  to  which  fea-voyages  are  e:$pofed)  ren- 
der this  method  impracticable. 

Vol.  II.  P  The 
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The  fecond  requires  the  conftru6tion  of  a  tinier 
piece  fo  perfeft  as  to  go  always  unifonnly,  notwith- 
fianding  the  agitation  of  a  {hip  at  fea ;  which  na  ar-^ 
lift  has  hitherto  been  able  to  accomplifh.. 

The  third  b  founded  on  obfervation  of  the  edifrifes 
of  the  moon,  which  wcmld  completely  anfwer  every 
purpofe,  were  not  opportunities  of  employing  it  toa 
rare,  and  leaflin  our  power^when  the  neceflity  may 
be  moft  urgent. 

The  fourth  refers  to  the  cdipffes  of  the  fk^tes  of 
Jupiter,  which  would  anfwer  the  purpofc  extremely 
wdl,  had  we  the  means  of  emjdaying^  at  fea,  tde- 
fcopes  of  a  certain  definription,,  without  which  they 
^e  inviiiblc. 

Finally,  obfervations  qf  the  moon  herfeSF  fonuih  a 
fifth  method,  which  appears  the  moft  practicable, 
provided  we  were  able  to  xMcrvc  the  moon's  place 
in  the  heavens  £b  exadly,  that  the  error  in  calcula- 
tion (and  error  is  unavoidaide)  fiiould  never  exceed 
one  minute^  in  order  to  be  aflured  that  we^are  not 
miftaken  above  one  degree  kx  tiic  determination  of 
the  longitude.  , 

To  one  or  the  other  of  thefe  five  methods,  perfbns 
engaged:  in  this  refearch  have  chiefly  dij^efted  -their 
^i^eculationsj.  but  there  is.  ftHl  a  fixth,  wWch  feems 
Irkewife  adapted  to  the  foludon  of  th«  problem,  were 
it  more  carefully  cultivated  j  and  will  perhaps  one 
day  furnifli  us  with  the  moft  certain  method  of  dif- 
covering  the  longitude  j  though  as  yet  we  are  far^ 
very  far,  ftiort  of  it. 

It  is  not  derived  &om  the  heavens,,  but  is  attached^ 

ta 
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to  tile  earth  fimply,  being  founded  on  the  nature  of 
the  magnet,  and  of  the  compafs*  The  explication 
of  it  opens  to  me  a  new  field  of  irtiportant  phyfical 
obfervation^  for  your  amufement  and  inftruclion,  on 
the  fubjeA  of  magnetifin,  and  I  flatter  myfelf  you 
will  attend  with  delight  and  improvement  to  the 
elucidations  which  I  am  going  to  fuggeft* 

My  reflediions  (hall  be  directed  only  to  the  main 
fubjeiS:  of  our  prefeat  refearch,  I  mean  the  difcovery 
of  the  longitude.  I  remark,  in  general,  that  the 
magnet  is  a  ftone  which  has  the  quality  of  attracting 
iron^  and  of  difpofing  itfelf  in  a  certain  direction  ; 
and  that  it  communicates  the  fame  quality  to  iron 
and  fted,  by  rubbing,  or  fimply  touching  them  with 
a  magnet ;  propofing  afterwards  to  enter  into  a  more 
minute  difcuilion  of  this  quality^  and  to  explain  the 
nature  of  it% 

I  begin,  then^  with  the  defcription  of  a  magnetic 
needle,  whidbi,  mounted  in  a  certain  manner,  for  the 
ufe  of  mariners,  is  denominated  the  compais^ 

For  this  purpofe,  we  provide  a  needle  of  good 
fteel,  nearly  refembling  fig.  2.  of  plate  IL  one  extre-  , 
mity  of  which  B  terminates  in  a  point,  the  better  to 
diftinguiih  it  from  the  other  A  ^  it  is  fiirniflied  at 
the  middle  C  with  a  fmaU  cap,  hollowed  below^  for 
the  purpofe  of  placing  the  needle  on  a  pivot  or  point 
D,  as  may  be  feen  in  the  fecond  -figure* 

The  two  ends  are  adjufted  in  fuch  a  manner,  that 
the  needle,  being  in  perfect  equilibrium,  can  revolve 
freely,  or  remain  at  reft,  on  the  pivot,  in  whatever 
iituation  it  may  be  placed*    Before  the  magnet  is  ap# 

P  2  plied. 
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plied,  it  would  be  proper  to  temper  the  needle,  ift 
order  to  render  it  as  hard  as  poflible ;  then  by  rub- 
bing or  touching  it  with  a  good  loadftone,  it  will  in- 
ftantly  acquire  the  magnetic  virtue.  The  two  ex- 
tremities will  no  longer  balance  each  other,  but  the 
one  D  mtJI  defcend,  as  if  it  had  become  heavier ;  and 
in  order  to  reftore  the  equilibrium,  fomething  muft 
•be  taken  away  from  the  extremity  B,  or  a  fmall 
*  weight  added  to  the  end  A.  But  the  artifts,  fore- 
feeing  this  change  produced  by  magnetifm,  make  the 
end  B  originally  lighter  than  the  end  A,  that  the  mag- 
netized needle  may  of  itfelf  aflume  the  horizontal 
pofition. 

It  then  acquires  another  property  ftill  much  more 

'  remarkable ;  it  is  no  Iqnger  indifferent  to  all  fitua- 

'  tions,  as  formerly ;  but  affefts  one  in  preference  to 

every  ether,  and  difpofes  itfelf  in  fuch  a  manner  that 

the  extremity  B  is  directed  to  the  north  nearly,  and 

'  the  extremity  A  toward  the  fouth ;  and  the  direftion 

of  the  magnetic  needle  correfponds  almoft  with  the 

meridian  line. 

You  recoUeft  that,  in  order  to  trace  a  meridian 
line,  which  may  point  out  the  north  and  the  fouth,  it 
is  ncceffary  to  have  recoiirfe  to  aftronomical  obfer- 
vations,  as  the  motion  of  the  fun  and  ftars  determines 
that  direftion  ;  and  when  we  are  not  provided  with 
the  neceffary  inftruments,  and  efpecially  when  the  iky 
is  overclouded,  it  is  impoffible  to  derive  any  affiftance 
from  the  heavens  toward  tracing  the  meridian  line ; 
'  this  property  of  the  magnetic  needle  is,  therefore,  io 

m 

'  much  the  more  admirable;  that  it  points  out,  at  al[ 

tirncis, 
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times,  and  in  every  place,  the  northern  direfdon^  on  . 
which  depend  the  others,  toward  the  eaft,  fouth  and 
weft.     For  this  rcafon  the  ufe  of  the  magnetic  needle, 
or  compafs,  is  become  univerfal. 

It  is  in  navigation  that  the  advantages  refulting 
from  the  ufe  of  the  compafs  are  moft  confpicuous ; 
it  being  always  necel&ry  to  direft  the  courfc  of  a 
veiTel  toward  a  certain  quarter  of  the  world,  in  order 
to  reach  a  place  propofcd,  conformably  to  geogn^- 
phic  or  marine  charts,  which  indicate  the  direclioa 
in  which  we  ought  to  proceed.  Before  this  difco- 
yery,  accordingly,  it  was  impoffible  to  undertake, 
long  voyages ;  the  mariner  durft  not  lofe  fight  of  the 
coaft,  for  fear  of  miftaking  his  courfe,  unlefe  the  fky 
was  unclouded,  and  the  ftars  pointed  out  the  way, 

A  veffel  on  the  wide  ocean,  without  the  know- 
ledge of  the  proper  courfe,  would  be  precifdy  in  the 
ftate  of  a  man  who,  with  a  bandage  over  his  eyes, 
was  obliged  to  find  his  way  to  the  great  church  of 
Magdeburg ;  imagining  he  was  going  one  way,  he 
might  be  going  another.  The  compafs,  then,  is  the 
principal  guide  in  navigation,  and  it  was  not  till  after 
this  important  difcovery  that  men  ventured  acrofs 
the  ocean,  ind  attempted  the  difcovery  of  a  new 
world..  What  could  a  pilot  do,  without  his  compafs^ 
during  or  after  a  ftorm,  when  he  could  derive  no. 
afliftance  from  the  heavens  ?  Take  whatever  courfe 
he  might,  he  muft  be  ignorant  in  what  direction  he 
•  was  proceeding,  north,  fouth,  or  to  any  other  quar- 
ter, He  would  prefently  deviate  to  fuch  a  degree, 
as  infallibly  to  lofe  h^rnfQlf*    But  the  compafs  im- 

P  3  mediately 
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mediately  puts  him  right ;  from  which'  you  will  be 
enabled  to  judge  of  the  importance  of  the  difcovery 
of  the  magnetic  needle,  or  mariner's  compafs. 

ttbOMert  1761. 
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LETTER    LV. 

Declifiation  of  the  Compdfs^  and  Manner  of  obferving  tU 

THOUGH  the  magnetic  needle  aflfefts  the  fitua-  - 
tion  of  being  direfted  from  fouth  to  north, 
there  are  accidental  caufcs  capable  of  deranging  this 
direftion,  which  muft  be  carefully  avoided.  Such 
are  the  proximity  of  a  loadftone,  or  of  iron,  or  fteel^ 
You  have  only  to  prefent  a  knife  to  a  magnetic 
needle,  and  it  will  immediately  quit  it*s  natural  di- 
reftion,  and  move  toward  the  knife ;  and,  by  draw- 
ing the  knife  round  the  needle,  you  will  make  it  af- 
fume  every  poffible  direftion.  In  order  to  be  affured, 
then,  that  the  needle  is  in  it's  natural  direftion,  you 
muft  keep  at  a  diftance  from  it  all  iron  or  fteel,  as 
well  as  magnets ;  which  is  fo  much  the  more  eafy, 
that  thefe  fubftances  influence  it's  diredion  only  when 
very  near  it :  once  removed,  their  efFe<9:  becomes 
infenfible,  unlefs  in  the  cafe  of  a  very  powerful  mag- 
net, which  might  poffibly  acl  on  the  needle  at  the 
diftance  of  feveral  feet. 

But  iron  alone  produces  not  this  efFeft,  as  the  com- 
pafs  may  be  ufed  to  advantage  even  in  iron-mines. 
You  are  perfeftly  fenfible,  that  under  ground,  in 
mines,  we  are  in  the  fame  condition  as  at  fea,  when 

the 
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the  face  of  heaven  is  overclouded,  and  that  it  is  ne- 
ceflary  to  drive  mines  in  a  certain  direction.  Planj 
are  accordingly  conftrufted  reprefenting  all  the  tracks 
hollowed  out  in  the  bowels  of  the  earth,  and  this 
operation  is  regulated  merely  by  the  cqmpafs :  this  i^ 
the  objed  of  the  fcience  denominated. fubterraneous 
geometry. 

To  return  to  our  compafs,  or  magnetic  needle,  I 
have  remarked  that  it's  Predion  is  only  almo^ 
northerly ;  it  is  therefore  incorreft  to  iay  that  the 
magnet  has  the  property  of  always  pointing  north. 
Having  employed  myfelf  in  the  fabrication  of  many 
magnetic  needles,  I  ever  found  that  their  direction 
at  Berlin  deviated  ahput  fifteen  degrees  from  the 
true  meridian  line;  now^  an  aberratioxi  of  1.5°  is 
▼ery  confiderable* 

Figure  3,  flats  II.  reprefents,  firft,  the  true  meri- 
^an  line  drawn  firom  north  to  fouth ;  that  which  is 
drawn  at  right  angles  with  it  indicates  the  eafi,  to 
the  right  hand ;  and  the  weft,  to  the  left.  Now  the 
magnetic  needle  AB  does  not  fall  on  the  meridian, 
but  deviates  from  it  an  angle  of  15®,  BO  north. 
This  angle  is  denominated  the  declination^  and  fome- 
times  the  variation  of  the  compafs  or  magnetic 
needle :  and  as  the  e;8Ltremity  B,  neareft  the  north, 
deviates  towaxi^  the  weft,  we  fay,  the  declination  is 
1 5°  wefterly- 

Having  thus  determined  the  declination  of  the 
magnetic  needle,  we  can  paake  it  anfwer  the  fame 
purpofe  a^  if  it  pointed  dire(31y  north.  The  needle 
is  ufually  indofed  in  a  circle^  and  you  have  only'to 

4  "  mark^ 
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mark  on  it  the  due  north  at  the  exaft  diftance  from 
the  northern  extremity  of  the  needle,  fo  as  to  make 
a  declination  of  15®  weftward,  and  the  line  north- 
fouth  will  indicate  the  true  meridian  line,  and  enable 
us  to  afcertain  the  four  cardinal  points,  north,  eaft, 
fouth  and  weft. 

The  better  to  difguife  the  fecrct,  the  magnetic 
needle  is  concealed  in  a  circle  of  pafteboard,  as  re- 
prefented  in  the  figure,  only  the  needle  is  rendered 
invifible,  the  pafteboard  covering  it,  and  forming 
but  one  body  with  it,  the  centre  of  which  is  placed 
on  a  pivot,  in  order  to  admit  of  a  free  revolution  ^ 
it  affumes  of  courfe  a  fituation  fuch  that  the  point 
marked  north  is  always  directed  to  that  point  of  the 
horizon ;  whereas  the  needle,  which  is  not  feen,  in 
efFe£l  deviates  from  it  1 5°  to  the  weft.  This  con- 
ftruftion  fcrves  only  to  difguife  the  declination,  which 
the  vulgar  confider  as  a  defeft j  though  it  be  rather 
an  objeft  worthy  of  admiration,  as  we  fliall  after- 
wards fee ;  and  the  pafteboard  only  increafing  the 
weight  of  the  needle,  prevents  it's  turning  fo  freely 
as  if  it  were  unencumbered. 

To  remedy  this,  and  more  commodioufly  to  em- 
ploy the  compafs,  the  needle  is  depofited  in  a  circu- 
lar box,  the  circumference  of  which,  divided  into 
360^,  exhibits  the  name  of  the  principal  points  of  the 
horizon.  In  the  centre  is  the  pivot  or  point  which 
fupports  the  needle,  and  thi^  laft  immediately  affumes 
a  certain  direction ;  the  box  is  then  turned  till  the 
northern  extremity  of  the  needle  B  exactly  corre- 
fponds  with  the  fifteenth  degree  on  the  circumfe- 
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rence,  reckoning  from  the  north-weftward ;  and  then 
the  names  marked  will  agree  with  the  real  quarters 
of  the  world. 

At  fea,  however,  they  employ  needles  cafed  in 
circles  of  palleboard,  the  circumference  of  which  is 

m 

divided  into  360  degrees,  to  prevent  the  neceffity  of 
turning  round  the  box ;  then  the  pafteboard  circle, 
-which  is  called  the  compafs,  indicating  the  real  quar- 
ters of  the  world,  we  have  only  to  refer  to  it  the 
courfe  which  the  fhip  is  fleering,  in  order  to  afcer- 
tain  the  direftion,  whether  north  or  fouth,  eaft  or 
weft,  or  any  other  intermediate  point.  By  the  com- 
-pafs  likewifc  we  diftinguifh  the  winds,  or  the  quar- 
ters from  which  they  blow,  and  from  the  points 
marked  on  it  their  names  are  impofed.  It  is  neccf- 
fary ,  at  any  rate,  to  be  perfedlly  affured  of  the  de- 
clination or  variation  of  the  compafs;  we  have  found 
it  to  be  exactly  15^^  v/eftward  here  at  Berlin ;  but  it 
may  be  different  at  other  places,  as  I  fliall  afterwards 
demonftrate. 

10/^  OSohtr^  1761. 
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LETTER    LYI. 

Difference  in  the  Decimation  of  the  Compafs  at  the 

•   fame  Place. 

WHEN  I  fay  that  the  declination  of  the  com- 
pafs is  1 5  degrees  weftward,  this  is  to  be 
underftood  as  applying  only  to  Berlin,  and  the  pre- 
fent  time  5  for  it  has  been  remarked,  that  not  only 

is 
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is  this  declination  different  at  different  places  of  the 
earth,  but  that  it  varies,  with  time,  at  the  fame 
place. 

The  magnetic  inclination  is  accordingly  much 
greater  at  Berlin  now,  than  it  was  formerly.  I  re- 
coUeft  the  time  perfe<My  when  it  was  only  i  o** ;  and 
in  the  laft  century  there  was  a  period,  when  there 
was  no  decKnation,  fo  that  the  direftion  of  the  mag- 
netic needle  coincided  exadly  with  the  meridiaa 
Kne.  This  was  about  the  year  1 670 ;  fince  then  the 
declination  is  become  progreffively  greater  toward 
the  weft,  up  to  1 5**,  as  at  this  day :  and  there  is 
every  appearance  that  it  will  go  on  diminiflung,  tiH 
it  is  again  reduced  to  nothing.  I  give  this,  however, 
merely  as  conje6hire,  for  we  are  very  hr  from  being 
able  to  predia  it  with  certainty. 

Befides,  it  is  well  known  that  prior  to  the  year 
1670,  the  declination  was  in  the  contrary  diredion^ 
that  is,  toward  theeafi;  and  the  farther  back  we  go^ 
the  greater  do  we  find  the  declination  eaftward^ 
Now,  it  is  impoffible  to  go  farther  back  than  to  the 
period  when  the  compafs  was  difcovered ;  this  hap- 
pened in  the  fourteenth  century ;  but  it  was  long 
after  the  difcovery  before  they  began  to  obferve  the 
declination  at  Berlin ;  for  it  was  not  perceived  at  firft 
that  the  needle  deviated  from  the  meridian  line. 

But  at  London,  where  this  fubjeft  has  been  more 
carefully  ftudied,  the  magnetic  declination,  in  the 
year  1580,  was  obferved  to  be  1 1°  15'  eaft ;  in  1622, 
6"^  o'  eaft ;  in  1634,  4°  5'  eaft ;  in  1657  there  was  no 
declination ;  but  in  1672  it  was  2^  30'  weft;  in  1692, 
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6°  o'  weft ;  and  at  prcfent  it  may  probably  be  1 8  de- 
grees weft  or  more.  You  fee  then,  that,  about  the 
beginning  of  the  laft  century,  the  declination  was 
nearly  8  degrees  caft :  that  thenceforward  it  gradu* 
ally  diminifhed,  till  it  became  imperceptible  in  the 
year  1657 ;  and  that  fincc,'  it  has  become  wefterly, 
gradually  increafing  up  to  the  prefent  time. 

It  has  preferved  nearly  the  fame  order  at  Paris  ; 
but  there  it  was  reduced  to  nothing  in  1666,  nine 
years  later  thkn  at  London :  hence  you  will  obfervc 
a  moft  unaccountable  diverfity  of  declination,  rela- 
tively to  different  places  of  the  earth,  at  the  fame 
time,  and  to  the  fame  place,  at  different  times. 

At  prefent,  not  only  through  all  Europe,  but 
through  all  Africa,  and  the  greateft  part  of  Aiia,  the 
declination  is  wefterly,  in  fpme  places  greater,  in 
others  lefs,  than  with  us.  It  is  greater  in  certain 
countries  of  Europe  than  at  our  capital ;  namely  in 
Scotland  and  in  Norway,  where  the  declination  cx)n- 
fiderably  exceeds  20** ;  in  Spain,  Italy,  and  Greece, 
on  the  contrary,  it  is  lefs,  being  about  12®;  ob  the 
weftern  coafts  of  Africa^  it  is  about  1 0%  and  on  the 
eafterri  1 2°.  But  as  you  advance  eaft ward  into  Afia 
it  progreffively  diminifhes,  till  it  entirely  difappears 
in  the  heart  of  Siberia,  at  Jenifeifk ;  it  difappears  too 
in  China,  at  Pekin,  and  at  Japan  ;  but  beyond  thefe 
regions,  to  the  eaftward,  the  declination  becomes 
eafterly,  and  goes  on  increafing  in  this  diredion, 
along  the  north  part  of  the  Pacific  Ocean,  to  the 
weftern  coafts  of  America,  from  which  it  proceeds 
gradually  diminifhing,  till  it  again  difappears  in  Ca- 
nada, 
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nada,  Florida,  the  Antilles,  and  to\\^rd  the  coafts 
of  Brazil*  Beyond  thefe  countries,  toward  the  eaft, 
that  is,  toward  Europe  and  Africa,  it  again  becomes 
wcfteriy,  as  I  have  already  remarked. 

In  order  to  attain  a  perfed  knowledge  of  the  pre- 
fent  ftate  of  magnetic  declination,  it  would  be  nc- 
ceflary  to  afcertain  for  all  places,  both  at  land  and 
fea,  the  prefent  ftate  of  magnetic  declination,  and 
whether  it's  tendency  is  weftward  or  eaftwaf  d.*  This 
knowledge  would  be  undoubtedly  extremely  ufefix], 
but  we  dare  fcarcely  hope  for  it.  It  would  require 
men  of  ability,  in  every  part  of  the  globe,  employed, 
at  the  &me  time,  in  obferving,  eacli  on  his  own 
fiation,  the  magnetic  declination,  and  who  Ihould 
communicate  their  obfervations  with  the  utmofl:  ex- 
aclnefs.  But  the  fpace  of  fome  years  would  elapfe 
before  the  communications  of  the  more  remote  could 
be  received ;  thus  the  knowledge  aimed  at  is  unat- 
tainable till  after  the  expiration  of  years.  Now, 
though  no  very  confiderable  change  takes  place  in 
the  direction  of  the  magnetic  needle  in  two  or  three 
years,  this  change,  however  fmall,  would  however 
prevent  the  attainment  of  complete  information  re- 
•fpeding  the  prefent  ftate  of  the  various  declinations 
of  the  magnetic  needle,  from  obfervations  made,  at 
the  fame  time,  in  the  different  regions  of  the  globe. 

The  fame  thing  holds  with  refpect  to  times  paft  j 
to  every  year  correfponds  a  certain  ftate  of  magnetic 
declination  proper  to  itfelf,  and  which  diftinguifties 
it  from  every  other  period  of  time,  paft  and  future. 
It  were,  however,  fincercly  to  be  wifticd,  that  we 

had 
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had  an  exa6Uy  detailed  ftate  of  the  declination  for 
one  year  only ;  the  moft  important  elucidations  of 
the  fubjecl  would  certainly  be  derived  from  it* 

The  late  Mr.  Halley^  a  cdebrated  Englifli  aftrono- 
mer,  has  attempted  to  do  this  for  the  year  1700, 
founding  his  conclufions  on  a  great  number  of  ob- 
fervationi  made  at  different  places^  both  by  land  add 
fea ;  but  befide  that  ibme  veryjconfiderabic  diftrids, 
where  thefe  obfervations  were  not  made,  are  not 
taken  into  his  account,  moft  of  thofe  which  he  has 
employed,  were  made  feverai  years  prior  to  1700; 
fo  that  at  this  era  the  declination  might  have  under- 
gone very  confiderable  alterations.  It  follows,  that 
this  ftatement,  which  we  find  reprefented  on  a  ge- 
neral chart  of  the  earth,  muft  be  confidered  as  ex- 
tremely defeftive ;  and,  moreover,  what  would  k 
now  avail  us  to  know  the  ftate  of  magnetic  declina- 
tion for  the  year  1700,  having  fince  then  undergone 
a  confiderable  change  ? 

Other  Englifti  geographers  have  produced,  pofte- 
rior  to  that  period,  a  fimilar  chart,  intended  to^re- 
prefent  all  the  declinations,  fuch  as  they  were  in  the 
year  1 744.  But  as  it  has  the  fame  defeft  with  that  of 
Mr.  Halley ;  and  as  they  likewife  were  unable  to  pro- 
cure obfervations  from  feverai  countries  on  the  globe, 
they  did  not  fcruple  to  fill  up  the  vacant  places,  by 
confulting  Halley* s  chart,  which  certainly  could  not 
apply  to  1 744.  You  will  conclude,  from  what  I  have 
faid,  that  our  knowledge  of  this  important  branch 
of  phyfics  is  ftill  extremely  imperfect. 

LETTER 
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LETTER  LVIL 

Cbatt  of  Declinatidns  j  Method  of  employing  it  for  thi 

Difcovery  of  the  Longitude. 

IT  may  be  proper,  likewife,  to  explain  in  what 
manner  Halley  proceeded  to  reprefent  the  mag« 
netic  declinations,  in  the  chart  which  he  conftruded 
for  the  year  1700,  that  if  you  fholild  happen  to  fee 
it,  you  tnay  comprehend  it's  ftrudure. 

Firft,  he  marked,  at  every  place,  the  declination 
of  the  magnetic  needle,  fuch  as  it  had  been  there  ob* 
•ferved.  He  difUnguiihed,  among  all  the(e  places, 
thofe  where  there  was  no  declination,  aiad  found 
that  they  all  £dl  in  a  certain  line,  which  he  calls  the 
line  of  no  declination,  as  every  where  imder  that 
line  there  was  then  none.  This  line  was  neither  a 
meridian  nor  a  parallel,  but  run  in  a  very  oblique 
direftion  over  North  America,  and  left  it  near  the 
coafts  of  Carolina ;  thence  it  bent  it's  courfe  acrc^ 
the  Atlantic  Ocean  between  Africa  and  America^ 
Befide  this  line  he  difcovered  likewife  another,  in 
which  the  declination  difappeared;  it  defcended 
through  the  middle  of  China,  and  paffed  from  thence 
through  the  Philippine  Ifles  and  New  Holland.  It  is 
eafy  to  judge,  from  the  track  of  thefe  two  lines,  that 
they  have  a  communication  near  both  poles  of  the 
globe. 

Having  fixed  thefe  two  lines  of  no  declination, 
Mr.  Halley  remarked  that,  .every  where  between  the 

fir£* 
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firft  and  laft^  proceeding  from  weft  to  eaft,  that  i* 
through  all  Europe^  Africa,  and  almoft  the  wbde  of 
Afia,  the  declination  was  wefteVly ;  and  that  on  the 
other  fide,  between  thofe  lines,  that  fe,  over  the 
whole  Pacific  Ocean,  it  was  eafterly.  After  this,  Re 
cbferved  all  the  places  in  which  the  declination  was 
5  degrees  weft,  and  foufid  he  could  ftiU  conveniently^ 
draw  a  Ime  through  all  thefe  places,  which  he  calk 
the  line  of  five  degrees. weft.  He  found  likewise  two 
lines  of  this  defcriptton,  the  one  of  which  accompa-^ 
nied,  as-  it  were,  the  firft  of  no  declination,  and  the 
other  the  laft.  He  went  on  in  the  iame  manner  with 
the  places  where  the  declination  was.  lo^;  afterwards 
15%  do%  &c»  and  he  law  that  thefe  lines  of  great  de- 
clination were  coc^ned  to  the  polar  regions ;  whereas 
thofe  of  fmall  declination  encompafied  the  whdb 
globe,  and  pafled  through  the  equator. 

In  feft,  the  declination  fcarcdy  ever  exccccfe  1 5^ 
on  the  equator,  whether  weft  or  eaft ;  but  on  ap- 
proaching the  pedes,  it  is  pofiible  to  arrive  at  places^ 
where  the  declination  exceeds  58®  and  60°*  There* 
are  undoubtedly  fome,  where  it  is  fiiU  greater,  ex«- 
ceeding  eveij  90%  and  where  the  northern  extremity 
cf  tike  needle  will  conjibqueiitly  turn  about  and  point 
fouthward. 

Finally,  having  drawji  fimilar  lines  through  the 
places  where  the  declination  was.  eaftward  10%  15% 
20^,  and  fo  on,  Mr.  Haiky  :£Ued  itip  the  whole  chart,, 
which  reprefeiited  the  entire  fiirface  of  the  earthy 
under  each  of  which  lines  the  declination  is  univer- 
£illy  the  iame,  ^covidoi  the  obfervatious  are  not  er- 
roneous.. 
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roneous.  Mr.  Halley  has,  accordingly,  fcrupuloilfly 
abftained  from  continuing  fuch  lines  beyond  the 
places  where  obfervations  had  anally  been  made  : 
for  this  reafon  the  greater  part  of  Ids  chart  is  a 
blank. 

Had  we  fuch  a  chart,  accurate  and  complete,  we 
fhould  fee,  at  a  glance,  what  declination  muft  have 
predominated  at  each  place,  at  the  time  forVhich 
the  chart  was  conftrufted ;  and  though  the  place,  in 
queftion,  Ihould  not  be  found  precifely  under  one  of 
the  lines  traced  on  the  chart,  by  comparing  it  with 
the  two  lines  between  which  it  might  be  fituated^ 
we  could  cafily  calculate  the  intermediate  declination 
which  correfponded  to  it.  If  I  found  my  prefent 
place  to  be  between  the  lines  of  i  o^  and  1 5°  of  weft- 
crn  declination,  I  fliould  be  certain  that  the  declina- 
tion there  was  more  than  1 0°,  and  left  than  15^; 
and  according  as  I  might  be  nearer  the  one  or  the 
other,  I  could  eafily  find  the  juft  medium,  which 
would  indicate  the  true  declination. 

From  this  you  will  readily  comprehend,  that  if 
we  had  fuch  a  chart,  thus  exact,  it  would  affift.us  in 
difcovering  longitude,  at  leaft  for  the  time  to  which 
:it  correfponded.  In  order  to  explain  this  method, 
let  us  fuppofe  that  we  are  pofiefled  of  a  chart  con- 
ftrufted  for  the .  prefent  year,  we  would  fee  on  it, 
firft,  the  two  lines  drawn  through  the  places  where 
there  is  no  declination ;  then  the  two  where  it  is  5^, 
icp^  1 5^,  20^,  both  eaft  and  weft  i  let  us  farther  fup- 
pofe that,  for  the  greater  eswiftnels,  thefe  lines  were 
drawn  from  degree  to  degree,  and.  that  I  found  my- 
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felf  at  a  certain  place  on  fea,  or  in  an  unknown 
country,  J  would  in  the  firft  place  draw  a  meridia^ 
line,  in  order  to  afcertain  how  much  my  compafs 
deviated  from  it,  and  I  fhould  find,  for  example, 
that  the  declination  is  precifely  i  o°  ealt ;  I  Ihould 
then  take  my  chart,  and  look  for  the  two  lines  under 
which  the  declination  is  i  o^  eaft,  fully  affured  that 
1  am  under  the  one  or  the  other  of  thefe  two  lines, 
which  muft  at  once  greatly  relieve  my  uncertainty. 
Finally,  1  would  obferve  the  height  of  the  pole, 
which  being  the  latitude  of  my  place,  nothing,  more 
would  rertiaih  but  to  mark,  oh  the  two  lines  men- 
tioned,  the  points  where  the  latitude  is  the  fame  with 
that  which  I  have  juft  obferved ;  and  then  all  my 
imcertainty  is  reduced  to  two  points  very  diftant 
from  each  other;  now,  the  circumftances  of  my 
voyage  would  eafily  determine  which  of  thofe  two 
places  is  that  where  I  acfaxally  am. 

You  will  admit  that  if  we  had  charts  fuch  as  I  have 
defcribed,  this  method  would  be  the  moft  commo- 
dious and  accurate  of  all,  for  afcertaining  the  longi- 
tude :  but  this  is  precifely  the  tiling  we  want ;  and 
as  we  arc  ftill  very  far  from  having  it  in  our  power 
to  conftruct  one%br  the  time  paft,  which  would  be 
of  no  ufe  for  the  prefent  time,  for  want  of  a  fuffi- 
cient  number  of  obfervations,  we  are  ftill  lefs  in- 
ftru<3:ed  refpefting  all  the  changes  of  declination 
which  every  place  undergoes  in  the  lapfe  of.tinie. 
The  obfervations  hitherto  made  affure.us,  that  cer- 
tain places  are  fubje6t  to  very  confiderable  variations, 
and  that  others  fcarcely  undergo  any^  iu  the  fame 
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interval  of  time ;  which  ftrips  us  of  all  hope  of  ever 
being  able  to  profit  by  this  method,  however  excel* 
lent  it  may  be  in  itfelf. 


'•"JC"©  < 


LETTER   LVm. 

Why  does  the  Magnetic  Needle  qffe6t^  in  every  Place  of 
the  Earthy  a  certain  Dire^lion^  differing  in  different 
Places ;  and  for  what  Reafon  does  it  change^  with 
TimCy  at  the  fame  Place  ? 

YOU  will  undoubtedly  have  the  curiofity  to 
be  informed^  why  magnetic  needles  affed,  at , 
every  place  on  the  globe,  a  certain  direftion  ;  why 
this  direction  is  not  the  fame  at  different  places ;  and 
why,  at  the  fame  place,  it  changes  with  the  courfe 
of  time  ?  I  fhall  anfwer  thefc  important  enquiries  to 
the  beft  of  my  ability,  though  I  fear  not  fo  much 
to  your  fiitisfaction  as  I  could  wifh. 

f 

I  remark,  firft,  that  magnetic  needles  have  this 
property  in  common  with  all  magnets,  and  that  it  is 
only  their  form,  contrived  to  balance  and  revolve 
freely  on  a  pivot,  which  renders  it  more  confpicuous. 
The  loadftone,  fufpended  by  a  thread,  turns  toward 
a  certain  quarter,  and  when  put  in  a  fmall  veflel  to 
make  it  fwim^  on  water,  the  veffel  which  fupports 
the  loadftone  will  always  affeft  a  certain  direction* 
Every  loadftone  fitted  with  two  oppofite  points,  the 
one  of  which  is  direfted  to  the  north,  and  the  other 

to 
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to  the  fbuth)  wiU  be  fubjed  to  the  iame  variations 
as  the  magnetic  needles*, 

Thefe  points  are  very  remarkable  in  all  loadftones, 
as  by  them  iron  is  attrJoSfed  with  the  greateft  force. 
:  They  are  denominated  the  .foles  of  a  loadftone,  a 
term  btwrowed  from  that  of  the  poles  of  the  earth 
or  of  the  heayens  j  bec3.ufe  the  one  has  <a  tendency 
toward  the  morth  -and  the  oliier  toward  the  fondi 
ipole  of  the  earth ;  but  this  is  to  be  underftood  as 
<>nly  atmoft)  not  exafttyc,  the  caie;  for  when  the 
name  "^as  impoied,  the  decEnation  had  not  yet  been 
cbfcarved^  That  pole  of  the  loadftone  which  is  di- 
refted  northward  is  called  it's  north  pole,  and  that 
%hich  points  fouthward  it's  fouth  pole. 

I  have  already  remarked,  that  a  magnetic  needle, 
%LS  well  as  the  loadftone  itfelf,  affumes  this  fituatidn, 
which  appears  natural  to  it,  only  when  removed  from 
the  vicinity  of  another  loadftone,  or  of  iron.   When 
a  magnetic  needle  is  placed  near  a  loadftone,  it's  fitua- 
tidn is  regulated  by  the  poles  of  that   loadftone ; 
Yo  that  the  north  pole  Of  the  loadftone  attrafts  the 
fouthern  extremity  of  the  needle,  and  reciprocally 
the  fouth  pole  of  the  loadftone  the  northern  extre- 
mity of  the  needle.     For  this  reafon,  in  referring 
one  loadftone  to  another,  we  call  thofe  the  friendly 
poles  which  bear  different   names,   and  thofe  the 
hoftile  whith  have  the  fame  name.     This  property 
is  Angularly  remarkable  on  bringing  two  loadftones 
near  each  other :  for  then  we  find  that  not  only  do 
the  poles  of  different  names  mutually  attraft,  but 
that  thofe  of  the  fame  name  fliun  and  repel  each 

O  2  other. 


aa8  ON  THE  MAGNETIC  NEEDLE. 

Other.  This  is  ftill  more  confpicuous  when  two 
magnetic  needles  are  brought  within  the  fphere  of 
mutual  influence. 

In  order  to  be  fenfihle  of  this,  it  is  of  much  im* 
portance  to  coniider  the  fituation  which  a  magnetic 
needle  aflumes  in  the  vicinity  of  a  loadftone. 

The  bar  AB,  (plate  IL  Jig.  4. J  reprefents  a  load- 
•ft<»nte,  whofe  north  pole  is  B,  and  the  fouth  pole  A : 
you  fee  various  pofitions  of  the  magnetic  needle,  un* 
idor  the  figure  of  an  arrow,  whofe  extremity  marked 
Jf  is  the  north  pole,  and  a^  the  fouth.  In  all  thefe 
pofitions,  the  extremity  b  of  the  needle  is  direded 
toward  the  pole  A  of  the  loadftone ;  and  the  extre- 
mity a  to  the  pole  B.  The  point  c  indicates  the 
pivot  on  which  the  needle  revolves ;  and  you  have 
only  to  confider  the  figure  with  fome  attention,  in 
order  to  determine  what  fituation  the  needle  will 
affume,.  in  whatever  pofition  round  ^!ie  loadftone 
the  pivot  c  is  fixed. 

If  there  were,  therefore,  any  where,  a  very  large 
loadftone  AB,  the  magnetic  needles  placed  round  it 
would  aiTume,  at  every  place,  a  certain  fituation,  as 
we  iee  adually  to  be  the  cafe  round  the  globe.  Now 
if  the  globe  itfelf  were  that  loadftone,  we  fliould 
comprehend  why  the  magnetic  needles  every  where 
affumed  a  certain  direftion.  Naturalifts,  accordingly, 
in  order  to  explain  this  phenomenon,  n^aintain  that 
the  whole  globe  has  the  property  of  a  magnet,  or 
that  we  ought  to  confider  it  as  a  prodigious  load- 
ftone. Some  of  them  allege,  that  there  is  at  the 
.  centre  of  the  earth  a  very  large  loadftone,  which  has 
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cxercifed  it^s  influence  on  all  the  magnetic  needles, 
and  even  on  all  the  loadftones,  which  are  to  be  found 
on  the  furface  of  the  earth ;  and  that  it  is  this  in- 
fluence which  direfts  them  in  everyplace,  conforms 
ably  to  the  directions  which  we  obferve  them  tc^ 
aflume. 

But  there  is  no  occafion  to  have  recourfc  to  a: 
loadftone  concealed  in  the  bowels  of  the  earth.  It's 
furface  is  fo  repleniflied  with  mines  of  iron  and  load- 
ftone, that  their,  united  force  may  well  fupply  the 
want  of  this  huge  magnet.  In  faft,  all  loadftones 
are  extraded  ffom  mines,  an  infallible  proof  that 
thefe  fubftances  are  found  in  great  abundance  in  the 
bowels  of  the  earth,  and  that  the  union  of  all  their 
powers  furniflies  the  general  force,  which  produces 
all  the  magnetical  phenomena.  We  are  likewife  en- 
abled  thereby  to  explain,  wherefore  the  magnetic 
declination  changes,  with  time,  at  the  fame  plaqe ; 
for  [it  is  well  known,  that  mines  of  every  kind  of 
metal  are  fubjeft  to  perpetual  change,  and  particu- 
larly thofe  of  iron,  to  which  the  loadftone  is  to  bt 
referred.  Sometimes  iron  is  generated,  and  is  fome- 
times  deftroyed  at  one  and  the  fame  place ;  there  are 
accordingly,  at  this  day,  mines  of  iron  where  there 
were  none  formerly;  and  where  it  was  formerly 
found  in  great  abundance,  ther^'  are  now  hardly  any 
traces  of  it.  This  is  a  fuflicient  proof,  that  the  total 
mafs  of  loadftones  contained  in  the  earth  is  under* 
going  very  confiderable  changes,  and  thereby,  un>- 
doubtedly,  the  poles,  by  which  the  magnetic  dedi- 
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nation  is  regulated,  likewife  change  with  the  lapfe  p£ 
time. 

Here  then  we  muft  look  for  the  reafon,  why  the 
magnetic  declination  is  fubjed  to  changes  fo  confi- 
derable  at  the  fame  places  of  the  globe.  But  this 
very  reafon,  founded  on  the  inconftancy  of  what  is 
pafling  in  it's  bowels,  afibrds  no  hope  of  qur  ever 
being  able  to  afcertain  the  magnetic  declination  be- 
forehand, unlefs  we  could  find  the  means  of  fubjeftr 
ing  the  changes  of  the  earth  to  fome  fixed  law.  A 
long  feries  of  obfervations,  carried  on  through  fevc- 
ral  ages  fucceffively,  might  poffibly  throw  fome  light 
on  the  fubjecl. 

^QthOMevy  1 761. 

LETTER    LIX. 

Elucidationi  refpeEling  the  Cdufe  and  Variation  of  the 
Declination  of  Magnetic  Needles* 

npHOSE  who  allege  that  the  earth  contains  in  it's 
-^  womb  a  prodigious  loadftone,  like  a  ftone  with 
a  kernel  in  fruit,  are  under  the  neceffity  of  admit- 
ting,  in  order  tp  explain  the  magnetic  declination, 
that  this  ftone  is  fucceflively  fliifting  it's  fituation. 
It  muft  in  that  cafe  be  detached  from  the  earth  in  all 
it's  parts;  and  as  it's  motion  would  undoubtedly 
follow  a  certain  law,  we  might  flatter  ourfelves  with 
the  hope  of  one  day  difcovering  it.  But  whether 
there  be  fuch  a  iiiagnetic  ftone  within  the  earth, 

or 
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or  whether  thei  loadftones  fcattered  up  and  down 
through  it's  entrails  unite  their  force  to  produce  the 
magnetical  phenomena,  we  may  always  confider  the 
earth  itfelf  as  a  loadftone,  in  fubferyiency  to  which 
every  particular  loadftonfe,  and  ?ill  mj^gnetic  needle^, 
affume  their  diredion. 

Certain  naturalifts  have  endofed  a  very  powerful 
magpet  in  a  globe,  and  having  placed  a  magnetic 
needle  on  it's  furface,  obferved  phenomena  fimilar  tp 
thofe  whiclji  take  place  on  the  globe  of  the  earth,  by 
placing  the  ni?ignet  withiji  the  globe,  in  feveral  dif- 
ferent poiitions.  Now,  confidering  the  earth  as  a 
loadflone,  it  will  have  it's  magnetic  poles,  which  muft 
be  carefully  diiHnguiihed  from  the  natural  poles, 
found  which  it  revolves.  Thefe  poles  have  nothing 
in  common  between  them  but  the  name ;  but  it  is 
from  the  pofition  of  the  magnetic  poles,  relatively 
to  the  natural,  that  the  apparent  irregularities  in  the 
inagnetic  declination  proceed,  and  particularly  of  the 
lines  traced  vOn  the  globe,  of  which  I  have  endea- 
voured to  give  you  fome  account. 

In  order  more  clearly  to  elucidate  this  fubjeft,  I 
ipemark,  th?tt  if  the  magnetic  poles  exaftly  coincided 
with  the  natur^,  there  would  l>e  no  declination  all 
over  the  earth :  magnetic  needles  would  univerfally 
point  to  the  north  precifcly,  and  their  pofition  would 
^)e  exa<9J[y  that  of  the  meridian  line.  This  were  no 
doubt  an  unfpeakable  advantage  in  navigation,  as, 
we  ihould  then  know  with  precifion  the  courfe  of 
the  veffel  and  the  direction  of  the  wind  j  whereas, 
at  prefent,  we  mufi  always  look  foi:  th&  declination 
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of  the  compafs  before  we  are  able  to  determine  the 
true  quarters  of  the  world.  But  then  the  compafs 
could  farnifli  no  aflSiftance  toward  afcertaining  the 
longitude,  an  objeft  which  the  declination  may  fooner 
or  later  render  attainable. 

Hence  it  may  be  concluded,  that  if  the  magnetic 
poles  of  the  earth  diflfered  very  greatly  from  the  na- 
tural, and  that  if  they  were  direftly  oppofite  to  each 
other,  which  would  be  the  cafe,  if  the  magnetic  axis 
of  the  earth,  that  is  the  ftraightline  drawn  from  the 
one  magnetic  pole  to  the  other,  paffed  through  the 
centre  of  the  earth,  then  magnetic  needles  would 
univerfally  point  toward  thefe  magnetic  poles,  and 
it  would  be  eafy  to  affign^the  magnetic  direftion 
proper  to  every  place ;  we  fhould  only  have  to  draw 
for  every  place  a  circle  which  fhould  at  the  fame  time 
pals  through  the  two  magnetic  poles,  and  the  angle 
which  this  circle  would  make  with  the  meridian  of 
the  fame  place  muft  give  the  magnetic  declination. 

In  thi^'cafe,  the  two  lines,  under  which  there  is  no 
declination,  would  be  the  meridians  drawn  through 
the  magnetic  poles.  But  as  we  have  feen  that,  in 
reality,  thefe  fwo  lines  without  declination  are  not 
meridians,  but  take  a  very  unaccountable  direftion, 
it  is  evident  that  no  fuch  cafe  aftually  takes  place. 
JH^Z/ry  clearly  faw  this  difficulty,  and  therefore  thought 
himfelf  obliged  to  fuppofe  a  double  loadftone  in  the 
bowels  of  the  earth,  the  one  ^xed,  the  other  move- 
able ;  of  confequence,  he  was  obliged  to  admit  four 
poles  of  the  earth,  two  of  them  toward  the  north, 
and  two  toward  the  fouth,  at  unequal  diftances. 

But 
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But  this  hypothefis  fecms  to  me  rather  a  bold  con- 
jefture :  it  by  no  means  follows,  that  becaufe  thefe 
lines  of  no  declination  are  not  meridians,  there  muft 
be  four  magnetic  poles  on  the  earth :  but  rather, 
that  there  are  only  two,  which  are  not  direAly  op- 
pofite  to  each  other ;  or,  which  comes  to  the  fame 
thing,  that  the  magnetic  axis  does  not  pafs  through 
the  centre  of 'the  earth. 

It  remains,  therefore,  that  we  confider  the  cafes  in 
which  thefe  two  magnetic  poles  are  not  direAly  op- 
pofite,  and  in  which  the  magnetic  axis  does  not  pais 
through  the  centre  of  the  earth ;  for  if  we  embrace  ' 
the  hypothefis  of  the  magnetic  nut  within  the  earth, 
why  fliould  one  of  it's  poles  be  precifdy  oppofite  to 
the  other  ?  This  nut  may  very  probably  be  not  ex- 
adly  in  the  very  centre  of  the  earth,  but  at  a  confi- 
derable  diftance  from  it.  Now,  if  the  magnetic  poles 
are  not  diametrically  oppofite  to  each  other,  the  lines 
of  no  declination  may  aftually  affume  a  direction 
fimilar  to  that  which,from  obfervation,we  find  they 
do ;  it  is  even  poffible  to  aflign  to  the  two  magnetic 
poles  fuch  places  on  the  earth,  that  not  only  thefe 
lines  fliould  coincide  with  obfervation,  but  likewifc, 
for  every  degree  of  declination,  whether  weftern  or 
eaftern,  we  may  find  lines  precifely  fimilar  to  thole 
which,  at  fir  ft,  feemed  fo  unaccountable. 

In  order,  then,  to  know  the  ftate  of  magnetic  de- 
dination,  all  that  is  requifite,  is  to  fix  the  two  mag- 
netic poles ;  and  then  it  becomes  a  problem  in  geo- 
metry, to  determine  the  direftion  of  all  the  lines 
which  I  mentioned  in  my  preceding  letter,  drawn 

for 
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for  every  pla,ce  where  the  declination  is  the  fame  \ 
by  fuch  means  too  we  ihould  be  enabled  to  rectify 
f  hele  lines,  and  to  fiU  up  the  countries  where  no  ob-« 
£^vations  have  been  inade :  ^nd  were  it  poflible  to 
aflign*  for  every  future  period,  the  places  of  the  two 
magnetic  poles  on  the  globe,  it  would  undoubtedly 
prove  the  moft  fs^sfying  folution  of  the  problem  of 
the  longitude. 

The^e  is  no  occafion^^  therefore,  for  a  double  load- 
fione  within  the  earth,  or  for  four  magnetic  poles,  in 
order  to  explain  the  declination  of  magnetic  needles, 
as  Halley  fuppofed,  but  for  a  fimple  magnet,  or  twa 
mjignetic  poles,  provided  it's  juft  place:  is  ailigned  to 
^ch*  It  appears  to  me  that,  from  this  reflection, 
we  are  much  n^ore  advanced  vx  our  knowledge  c^ 
m^netifm. 

Z^b  O^ober.f^  1761. 

LETTER    LX- 

Inclination  rf  Magnetic  Needles. 

YOU  will  pleafe  to  recollect,  that  on  rubbing  a 
,  needle  againft  the  loadftone  it  acquires  not 
oply  the  property  of  pcrinting  toward  a  certain  point 
of  the  horizon,  but  that  it's  northern  extremity  finks, 
as  if  it  had  become  heavier,  which  obliges  us  to  di- 
minifh  it's  weight  fomewhat,  or  to  increafe  that  of 
the  other  extremity,  in  order  to  reftore  the.  equili- 
brium,  I  have,  without  putting,  this  in  practice, 
made  feveral  experiments  to  afcertain  how  far  the 

magnetic 
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magnetic  force  brought  down  the  northern  extre- 
mity of  the  magnetized  needle,  and  I  have  found 
that  it  funk  fo  as  to  make  an  angle  of  72  degrees 
with  the  horizon,  and  that  in  this  iituation  the  needle 
remained  at  reft.  It  is  proper  to  ^reinark,  that  thefe 
experiments  were  made  at  Berlin,  about  fix  years 
ago ;  for  I  fhall  fliew  you  afterwards,  that  this  di- 
region  to  below  the  horizon,  is  as  variable  as  the 
magnetic  declination. 

Hence  we  fee  that  the  magnetic  power  produces  a 
double  efied  on  needles ;  the  one  direds  the  needle 
toward  a  certain  quarter  of  the  horizon,  the  devia- 
tion of  which  from  the  meridian  line  is  what  we  call 
the  tnagnetic  declinatioti ;  the  other  imprefles  on  it 
an  inclination  toward  the  horizon,  finking  the  on^; 
or  the  other  ? xtremhy  under  Jt,  up  to  a  certain 
angle. 

Let  d  e  (plate  IL  fig.  $.)  be  the  horizontal  ^nc^ 
drawn  according  to  the  magnetic  declination,  and 
the  needle  will  aflume,  at  Berlin,  the  fituation  b  a^ 
which  makes  with  the  horizon  d e  the  angle  dch 
pr  eca^  which  is  72?,  and  confequently,  with  the 
vertical  /^,  an  angle  beg  or  aef  oi  18  degrees. 
This  fecond  efFeft  of  the  magnetic  force,  by  which  the 
magnetic  needle  affeds  a  certain  inclination  toward 
the  horizon,  is  as  remarkable  as  the  firfi ;  and  as  the 
firft  is  denominated  the  magnetic  deelination^  the  fe- 
cond is  known  by  the  name  of  magnetic  inelinatioriy 
which  deferves,  as  well  as  the  declination,  to  be  every 
where  obferved  with  all  poffible  care, -as  we  find  in 
it  a  fimilar  variety.   •  v 
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The  inclination  at  Berlin  has  been  found  72^,  at 
Bale  only  70^,  the  northern  extremity  of  the  needle 
being  funk,  and  the  of^oiite,  of  confequence,  raifed 
to  that  angle.  This  takes  place  in  countries  which 
are  nearer  to  the  northern  magnetic  pole  of  the 
earth;  and  in  proportion  as  we  approach  it,  the 
greater  becomes  the  inclination  of  the  magnetic 
needle,  or  the  more  it;  approaches  the  vertical  line ; 
fo  that  if  we  could  reach  the  pole  itfelf,  the  needle 
would  there  aftually  affume  a  vertical  fituation,  it's 
northern  extremity  pointing  perpendicularly  down*^ 
w^rd,  and  its  fouthern  end  upward.  The  farther, 
on  the  contFary,  you  remove  from  the  northern  nnag^ 
netic  pole  of  the  earth,  and  approach  the  fouthern, 
the  more  the  inclination  diminiihes ;  it  will  at  length 
difappear,  and  the  needle  will  aflume  a  horizontal 
pofition,  when  equally  diftant  from  both  poles :  but 
in  proceeding  toward  the  fouth  pole  of  the  earth, 
the  fouthern  extremity  of  the  needle  will  fink  more 
and  more  under  the  horizon,  the  northern  extre- 
mity rifing  in  proportion,  till  at  the  pole  itfelf,  the 
needle  again  becomes  vertical,  with  the  fouthern  ex- 
tremity perpendicularly  downward,  and  the  northern 
upward. 

It  were  devoutly  to  be  wiflied  that  experiments 
had  been  as  carefully,  and  as  generally  made,  in  the 
view  of  afcertaining  the  magnetic  inclination,  as  of 
determining  the  declination  j  but  this  important  ar- 
ticle of  experimental  philofophy  has  hitherto  been 
.  too  much  negleded,  though  icertainly  neither  lefs 
curious,  nor  lefs  interefting,  than  that  of  the  declina- 
tion. 
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tion.  ,  It  is  »ot  hqwcyer  a/matter  of  fuiprlze ;  expe* 
riments  of  this^  fort  are  fubjeft  to  too  many  difficul- 
ties ;  and  almoft  all  the  methods  hitherto  attempted 
of  ob&rving  the  magnetic  inclination  have  failed^ 
One  artift  alone,  Mr,  Diterich  of  Bale,  has  fucceeded, 
having  aftuaUy  conftrucled  a  machine  proper  for  the 
purpofe,  under  the  diredion  of  the  celebrated  Mr,r 
Daniel  Bernouilli.  He  fent  me  two  of  thefe  machinesi 
by  means  of  which  I  have  obferved,  at  Berlin,  this 
inclination  of  72  degrees ;  and  however  curious,  .in 
other  refpeds,  thc.Englifli  and  French  may  be,  in 
profecuting  fuch  enquiries,  they  have  put  no  great 
value  on  Mr.  Diteric/ys  machine,  though  the  only 
one  ad^ted  to  the  defign*  This  inftance  demon* 
ffarates  how  the  progrefs  of  fcience  may  be  obftrufted 
by  prejudice ;  hence  Berlin  and  Bale,  arc  the  only 
two  places  on  the  ^obe,  where  the  magnetic  incfina*- 
tion  is  known.  * 

Needles  prepared  for  the  conftruftion  of  compaffes 
arc  by  no  means  proper  to  indicate  the  quantity  of 
magnetic  inclination,  though  they  may  convey  a 
rough  idea  of  it's  effefb,  becaufe  the  northern  extre- 
mity in  thefe  latitudes  becomes  heavier.  In  order 
to  render  ferviceable  needles  intended  to  difcover  the 
declination,  we  are  under  the  necellity  of  deftroying 
the  efFeft  of  the  inclination,  by  diminifhing  •  the 
weight  of  the  northern  extremity,  or  increafing  that 
of  the  fouthern.  To  reftore  the  needle  to  a  hori- 
zontal pofition,  the  laft  of  thefe  methods  is  ufually 
employed,  and  a  fmall  morfel  of  wax  is  affixed  to 
the  fuuthern  extremity  of  the  needle.  You  are  abun- 
dantly 
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place  is  to  be  slfcertained,  provided  the  inclinatioil 
and  declination  are  known^ 

Every  magnet  exhibits  phenomena  altogether 
fimilar.  You  have  only  to  place  one  on  a  table  co* 
vered  with  filings  of  fteel,  and  you  will  fee  the  filings 
arrange  themfelves  round  the  loadftone  AB,  nearly 
as  reprefented  in  Jig.  6,  plate  11.  in  which  every  par- 
ticle of  the  filings  may  be  confidered  as  a  fmall  mag« 
nctic  needle,  indicating,  at  every  point  round  the 
loadftone,  the  magnetic  direftion.  This  experiment 
leads  to  inquire  into  the  caufe  of  all  thefe  pheno- 
mena. 

The  arrangement  affumed  by  the  fteel  filings  leaves 
no  room  to  doubt  that  it  is  a  fubtile  and  invifible 
matter  which  runs  through  the  particles  of  the  fteel, 
and  difpofes  them  in  the  direction  which  we  here 
obferve.  It  is  equally  clear  that  this  fubtile  matter 
pervades  the  loadftone  itfelf,  entering  at  one  of  the 
poles,  and  going  out  at  the  other :  fo  as  to  form,  by 
it's  continual  motion  round  the  loadftone,  a  vortex 
which  re-condufts  the  fubtile  matter  from  one  pole 
to  the  other,  and  this  motion  is,  without  doubt,  ex- 
tremely rapid. 

The  nature  of  the  loadftone  confifts,  then,  in  a  con- 
tinual vortex,  which  diftinguiflies  it  from  all  other 
Jxxiies ;  and  the  earth  itfelf,  in  quality  of  loadftone, 
muft  be  furrounded  with  a  fimilar  vortex,  acting 
every  where  on  magnetic  needles,  and  making  con- 
tinual efforts  to  difpofe  them  according  to  its  own 
direcStfon,  which  is  the  fame  I  formerly  denominated 
the  rn?tgnctic  direction  :  this  fubtile  matter  is  conti- 
nually 
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nually  iffuing,  then,  at  one  of  the  magnetic  poles  of 
the  earth,  and  after  having  performed  a  circuit  round 
to  the  other  pole,  it  there  enters,  and  pervades  the 
globe  through  and  through  to  the  oppofite  pole, 
where  it  again  efcapes. 

We  are  not  yet  enabled  to  determine  by  which  of 
the  two  magnetic  poles  of  the  earth  it  enters  or 
iffues :  the  phenpmena  depending  on  this  have  fuch 
a  perfect  refemblance,  that  they  are  indiftinguifliable. 
It  is  undoubtedly,  likewife,  this  general  vortex  of 
the  globe  which  fupplies  the  fubtile  matter  of  every 
particular  loadftone  to  magnetic  iron  or  fteel,  and 
which  keeps  up  the  particular  vortices  that  furround 

them. 

In  order  to  a  thorough  inyeftigation  of  the  nature 

of  this  fubtile  matter,  and  it*s  motion,  it  muft  be  re* 
marked^  that  it's  adion  is  confined  to  loadftone;  iron 
and  fteel ;  all  other  bodies  are  abfolutely  indifferent 
to  it ;  the  relation  which  it  bears  to  thofe  muft^ 
therefore,  be  by  no  means  the  fame  which  it  bears 
to  others.  We  are  warranted  to  maintain,  from 
manifold  experiments,  that  this  fubtile  matter  freely 
pervades  all  other  bodies,  and  even  in  all  direftions ; 
for,  when  a  loadftone  acts  on  a  needle,  the  action  is 
perfeftly  the  £ime  whether  another  body  interpofes 
or  not,  provided  the  interpofing  body  is  not  iron, 
and  it's  aaion  is  the  fame  on  the  fiUngs  of  iron^ 
This  fubtile  matter,  therefore,  muft  pervade  all  bo# 
dies,  iron  excepted,  as  freely  as  it  does  air,  and  evea 
pure  ether ;  for  thefe  experinients  fucceed  equally 
well  in  a  receiver  esch^ufied  by  the  air-pump.  This 
Vol.  IL  R  matter 
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matter  is  confequently  different  from  ether,  and  even 
much  more  fubtile.  And,  on  account  of  the  general 
vortex  of  the  earth,  it  may  be  affirmed  that  the  globe 
is  completely  furrounded  by  it,  and  freely  pervaded, 
as  all  other  bodies  are,  excepting  the  loadftone  and 
iron :  for  this  reafon,  iron  and  fteel  may  be  deno- 
minated magnetic  bodies,  to  diftinguifh  them  from 
others. 

But  if  this  magnetic  matter  paffes  freely  through 
all  non-magnetic  bodies,  what  relation  can  it  have  to 
thofe  which  are  fuch  ?  We  have  juft  obferved  that 
the  magnetic  vortex  enters  at  one  of  the  poles  of 
every  loadftone,  and  goes  out  at  the  other ;  whence 
it  may  be  concluded,  that  it  freely  pervades  load- 
ftones  likewife ;  which  would  not  diftinguifh  them 
from  other  bodies.  But  as  the  magnetic  matter 
paffes  through  the  loadftone  only  from  pole  to  pole, 
this  is  a  circumftance  very  different  from  what  takes 
place  in  others.  Here,  then,  we  have  the  diftinclive 
charafter.  Non-magnetic  bodies  are  freely  pervaded 
by  the  magnetic  matter,  in  all  direftions :  loadftones 
are  pervaded  by  it,  in  one  direftion  only ;  one  of 
the  poles  being  adapted  to  it's  admiffion,  the  other 
to  it's  efcape.  But  iron  and  fteel,  when  rendered 
magnetic,  fulfil  this  laft  condition;  when  they  are 
not,  it  may  be  affirmed,  that  they  do  not  grant  a 
free  tranfoiiffion  to  the  magnetic  matter,  in  any  di- 
rection. 

This  may  appear  ftrange,  as  iron  has  open  pores, 
which  tranfmit  the  ether,  though  it  is  not  fo  fubtile 
^  the  magnetic  naatter.    But  we  muft  carefully  dif- 
tinguifh 
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tinguifli  a  fimple  paffage,  from  one  in  which  the 
magnetic  matter  may  perv^ade  the  body,  with  ali  it's 
rapidity,  without  encountering  any  obftacle. 

l\Ji  Onober^   1761. 


»®-5fr«' 


LETTER   LXn. 

Nature  of  the  Magnetic  Matter^  and  of  it^s  rapid 

Current.     Magnetic  Canals^ 

I  AM  very  far  from  pretending  to  explain  per- 
fe<My  the  phenomena  of  magnetifm ;  it  prefents 
difficulties  which  I  did  not  find  m  thofe  of  electricity. 
The  caufe  of  it  undoubtedly  is,  that  electricity  con* 
fifts  in  a  too  great,  or  too  fmall,  degree  of  compref- 
fion,  of  a  fubtile  fluid  which  occupies  the  pores  of 
bodies,  without  fuppofing  that  fubtile  fluid,  which  is 
the  ether,  to  be  in  aftual  motion;  but  magnetifm 
cannot  be  explained,  unlefs  we  fuppofe  a  vortex  iiv 
rapid  agitation,  which  penetrates  magnetic  bodies*   -■ 

The  matter  which  conftitutes  thefe  vortices  is 
likewife  much  mote  fubtile  than  ether,  and  freely 
pervades  the  pores  of  loadHones,  which  are  imper- 
vious even  to  ether.  Now,  this  magnetic  matter  is 
diflftifed  through,  and  mixed  with,  the  ether,  as  the 
ether  is  with  grofs  air,  or  juft  as  ether  occupies  and 
fills  up  the  pores  of  air,  it  may  be  affirmed  that  the 
magnetic  matter  occupies  and  fills  the  pores  of  ether. 

I  conceive,  then,  that  loadftone  and  iron  have 
pores  fo  fmall  that  the  ether  in  a  body  connot  force  , 
it's  way  into  "them,,  and  that  the  magnetic  matter 
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alone  can  penetrate  them ;  and  which,  on  being  ad« 
mitted,  feparates  itfelf  from  the  ether,  by  what  may 
be  called  a  kind  of  filtration.  In  the  pores  of  the 
loadflone  alone,  therefore,  is  the  magnetic  matter  to 
be  found  in  perfect  purity :  every  where  elfe  it  is 
blended  with  ether,  as  this  laft  is  with  the  air. 

You  can  eafily  imagine  a  feries  of  fluids,  one  al- 
ways more  fubtile  than  another,  and  which  are  per- 
feftly  blended  together.  Nature  furnifhes  inftances 
of  this.  Water,  we  know,  contains  in  it's  pores  par- 
tides  of  air,  which  arc  frequently  feen  diicharging 
thcmfelvcs  in  the  form  of  fmall  bubbles :  air  again, 
it  is  equally  certain,  contains  in  it's  pores  a  fluid  in- 
comparably more  fubtile,  namely  ether,  and  which, 
en  many  occafions,  is  feparated  from  it,  as  in  elec- 
tricity. And  now  we  fee  a  ftill  farther  progreflion, 
and  that  ether  contains  a  matter  much  more  fubtile 
than  itfelf,  the  magnetic  matter,  which  may,  per- 
hsKpSy  contain,  in  it's  turn,  others  iUU  more  fubtile,  at 
leajft  this  is  Hot  impc^ble. 

Having  fettled  this  magnetic  matter,  let  us  fee  how 
it*s  phenonaena  are  produced.  I  confider  a  lo^dftone, 
then,  and  iay,  fitft,  that  befides  a  great  many  pores 
fiBed  with  ether,  Uke  all  other  bodies,  it  containsi 
fbmc  Still  much  ihore  narrow,  into  which  the  mag- 
netic matter  alone  can  find  admii&on.  Secondly, 
thefe  pores  are  difpofed  in  fuch  a  manner  as  to  have 
a  communication  with  each  other,  and  conftitute 
tubes  or  canals,  through  which  the  nmgnetic  matter 
pafics  from  the  one  extremity  to  the  other.  Finally, 
this  matter  can  be  tranfmitted  through  thefe  tubes 

only 
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only  in  one  direftion,  without  the  poflibiiity  of  rp- 
turning  in  an  oppoiite  diredion.  This  moil  ei&ntial 
circumflance  requires  a  ihore  particular  elucidation; 

Firft,  then,  I  remark,  that  the  veins  and  lymphatic 
vefiHs  in  the  bodies  of  animals,  are  tubes  of  a  iimilar 
conftrudion,  contsdning  valves,  rqirefentcd  in^^.  7, 
flate  11.  by  the  ftrokes  m  n^  whofe  ofloLce  it  is  to  grant, 
by  raifing  themfelves,  a  free  paflage  to  the  blood  when 
it  flows  from  A  to  B,  and  to  prevent  it's  reflux  from 
B  to  A.  For  if  the  blood  attempted  to  flow  from  B 
to  A,  it  would  preis  down  the  moveable  extremity  of 
the  valve  m  on  the  fide  of  the  vein  ^,  and  totally  ob- 
iixud  the  paflage.  Valves  are  thus  employed  in  aque- 
du£b,  to  prevent  the  reflux  of  the  water.  I  do  not 
confidor  myf^,  then,  as  fu^pofing  any  thing  contrary 
to  nature,  when  I  fay,  that  the  canals,  iii  ioadftones, 
which  admit  the  magnetic  matter  only,  are  of  the 
fame  conftruftion. 

Figure  89  plate  11.  reprefents  this  magnetic  canal, 
according  to  my  idea  of  it.  I  conceive  it  furniflied 
inwardly  with  brifl^les  directed  from  A  toward  B, 
which  prefent  no  oppofition  to  the  magnetic  matter 
in  it's  paflage  from  A  to  B,  for  ih  this  cafe  they  open 
of  themfelves  at  ;z,  to  let  the  matter  pafs  at  0 ;  but 
they  would  immediately  obftrud  the  channel,  were 
it  to  attempt  a  retrograde  courfe  from  B  to  A.  The 
nature  of  magnetic  canals  confifts,  then,  in  granting 
admiflion  to  the  magnetic  matter  only  at  A,  to  flow 
toward  B,  without  the  poflibiiity  of  returning  in  the 
oppofite  diredion  from  B  toward  A. 

R  3  This 
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This  conftruclion  enables  us  to  explain  how  the 
magnetic  matter  enters  into  thefe  tubes,  and  flies 
through  them  with  the  greateft  rapidity,  even  when 
the  whole  ether  is  in  a  ftate  of  perfect  reft,  which  is 
the  moft  furprifing :  for  how  can  a  motion  fo  rapid 
be  produced  ?  This  will  appear  perfectly  clear  to  you, 
if  you  will  pleafe  to  recoiled  that  ether  is  a  matter 
extremely  elaftic ;  accordingly  the  inagnetic  matter, 
which  is  fcattered  about,  will  be  preffed  by  it  on 
every  fide.  Let  us  fuppofc  the  magnetic  canal  A  B 
ftill  quite  empty,  and  that  a  particle  of  magnetic 
matter  m  prefents  itfelf  at  die  entrance  A,  and  this 
^.particle  prefled  on  every  fide  at  the. opening  of  the 
canal,  into  which  the  ether  cannot  force  admiffion,  it 
will  there  be  preffed  forward  with  prodigious  force, 
and  enter  into  the  canal  with  equal  rapidity ;  another 
particle  of  magnetic  matter  will  immediately  prefent 
Itfelf,  and  be  driven  forward  with  the  fame  force, 
and. in  likic  manner  all  the  following  particles.  There 
.will  thence  refult  a  continual  flujc  of  magnetic  mat- 
ter, wTiich,  meeting  with  no  obftruAion  in  this  canal, 
will  efcape  from  it  at  B,  with  the  fame  rapidity  that 
it  enters  at  A. 

My  idea,  then,  is,  that  every  loadftone  contains  a 
great  multitude  of  theie  canals,  which  I  denominate 
magnetic;  and  it  very  natunilly  follows,  that  the 
magnetic  matter  dilpcrfcd  in  the  ether  muft  enter 
into  them  at  onp  extremity,  and  efcape  at  the  other, 
with  great  impetuofity  ;  that  is,  we  fliallhave  a  per- 
petual  current  of  magnetic  matter  through  the  canals 

of 
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of  the  loadftone :  and  thus  I  hope  I  have  furmounted 
the  greateft  difficulties  which  c^n  occur  in  the  theory 
of  magnetifm. 

^d  November y  1761. 

LETTER    LXIIL 

Magnetic  Vortex.     Action  of  Magnets  upon  each  qther. 

YOU  have  now  feen  in  what  the  diftinftive  cha- 
racter of  the  loadftone  confifts  ;  and  that  each 
contains  feveral  canals,  of  which  I  have  attempted  a 
defcription. 

Figure  I .  plate  IIL  reprefents  a  loadftone  A  B,  with 
three  magnetic  canals  a  by  through  which  the  mag- 
netic matter  will  flow  with  the  utmoft  rapidity,  en- 
tering at^  the  extremities  marked  ^,  and  efcaping  at 
thofe  marked  b :  it  will  efcape  indeed  with  the  fame 
rapidity,  but  immediately  meeting  with  the  ethcc 
tlended  with  the  grofler  air,  great  obftruftions  will 
oppofe  the  continuation  of  it's  motion  in  the  fame 
direftion  ;  and  not  only  will  the  motion  be  retarded, 
but  it's  dire<Etion  diverted  toward  the  fides  c  c.     The 
fame  thing  will  take  place  at  the  entrance,  toward 
the  extremities  a  a  a\  On  account  of  the  rapidity 
with  which  the  particles  of  magnetic  matter  force 
their  way  into  them,  the  circulation  will  quickly 
overtake  thofe  w^hich  are  ftill  toward  the  fides  e  e^ 
and  tliefe,  in  their  turn,  will  be  replaced  by  thofe 
which,  efcaped  from  the  extremities  b  b  b^  have  been 
already  diverted  toward  c  c\  io  that  the  fame  mag- 

R  4  n^tic 


348  ACTION  OT  MAGNETS 

netic  matter  which  iflued  from  the  extremities  b  b  b 
quickly  returns  toward  thofe  marked  a  a  a,  perform- 
ing the  circuit  b  c  d  e  a^  and  this  circulation,  round 
the  loadftone,  is  what  we  call  the  viagnetic  vortex. 

It  mull  not  be  imagined,  however,  that  it  is  al- 
ways the  fame  magnetic  matter,  which  forms  thefe 
vortices;  a  confiderable  part  of  it  will  efcape,  no 
doubt,  as  well  toward  B  as  toward  the  iides,  in  per- 
forming the  circuit ;  but  as  a  compenfation,  frefh 
tnagnetic  matter  will  enter  by  the  extremities  a  a  a^ 
fo  that  the  matter  which  conftitutes  the  vortex  is 
fuccedaneous  and  very  variable :  a  magnetic  vortex, 
furrounding  the  loadftone,  will,  however,  always  be 
kept  up,  and  produce  the  phenomena  formerly  ob- 
ferved  in  filings  of  fteel,  fcatt^red  round  the  load*- 
ftone. 

You  will  pleafe  farther  to  attend  to  this  circum- 
ftance,  that  the  motion  of  the  magnetic  matter  in 
the  vortex,  is  incomparably  flower  out  of  the  load- 
ftone, than  in  the  magnetic  tubes,  where  it  is  fepa-» 
rated  from  the  ether,  after  having  been  forced  into 
them  by  all  the  elaftic  power  of  this  laft  fliiid ;  and 
that,  on  efcaping,  it  mixes  again  with  the  elher,  and 
thereby  lofes  great  part  of  it's  motion,  fo  that  it's 
velocity  in  travelling  to  the  extremities  a  a  a\^  in- 
comparably lefe  than  in  the  magnetic  canals  a  &, 
though  ftill  very  great  with  reijpect  to  us.  You  will 
ealily  comprehend^  then,  that  the  extremities  of  the 
magnetic  canals,  by  which  the  matter  enters  into  the 
loadftone  and  efcapcs  from  it,  are  w^hat  we  call  it's 
poles  i  ind  that  the  magnetic  poles  of  a  loadftone 

are 
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are  by  no  means  mathenaatical  points,  the  whole 
fpace,  in  which  the  extremities  of  the  magnetic  ca- 
nals tenninate,  being  one  magnetic  pole,  as  in  the 
ioadftone  reprefentcd  fgure  6,  plate  11.  where  the 
whole  furfaces  A  and  B  are  the  two  poles. 

Now,  as  thefe  poles  are  diftinguiihed  by  the  termi 
north  and  fouth,  yet  we  cannot  affirm  with  certainty 
whether  it  is  by  the  north  or  fouth  pole  that  the 
magnetic  matter  enters  into  loadftones.  You  wiU 
fee  in  the  fequel,  that  all  the  phenomena  produced 
by  the  admiifion  and  efcape,  have  fuch  a  perfeft  rc- 
femblance,  that  it  appears  impoffible  to  determine  the 
queftion  by  experiments.  It  is,  therefore,  a  matter 
of  indifference,  whether  we  fuppofe  that  the  magnetic 
matter  enters  or  efcapes  by  the  north  pole  or  by  the 
fouth. 

Be.  it  as  it  may,  I  fhall  mark  with  the  letter  A,  the 
pole  by  which  the  magnetic  matter  enters,  and  with 
B,  that  by  which  it  efcapes,  without  pretending 
t:hereby  to  indicate  which  is  north  or  fouth.  I  pro- 
ceed  to  the  confideration  of  thefe  vortices,  in  order 
to  form  a  judgment,  how  two  loadftones  act  upon 
each  other. 

Let  us  fuppofe  (plate  HLJig.  2.)  that  the  two  load- 
ftones A  B  and  a  b  are  prefented  to  each  other  by  the 
poles  of  the  fame  name  A,  ^,  and  their  vortices  will 
be  in  a  ftate  of  total  oppofition.  The  magnetic 
matter  which  is  at  C  will  enter  at  A  and  a^  and  thefe 
two  vortices  attempting  mutually  to  deftroy  each 
other,  the  matter  whicli  proceeds  by  E  to  enter  at  A 
will  meet  at  D  that  of  the  other  Ioadftone,  returning 

bv 
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by  e  to  enter  at  ^ ;  from  this  muft  rcfult  a  coDifion 
of  the  two  vortices,  in  which  the  one  will  repel  the 
other  ;  and  this  eflFeft  will  extend  to  the  loadftones 
themfelves,  which,  thus  fituated,  undergo  mutual 
repulfion.  The  fame  thing  would  take  place,  if  the 
two  loadftones  prefented  to  each  other  the  other 
poles  B  and  b :  for  this  reafon  the  poles  of  the  fame 
name  are  denominated  hojiile^  becaufe  they  adlually 
repel  each  othtr.     . 

But  if  the  loadftones  prefent  to  each  other  the 
poles  of  a  diflferent  naipe,  an  oppofite  eflFeft  will  en- 
fue,  and  you  will  perceive  that  they  have  a  mutual 
attrafiion. 

In^^gt/r^  3,  plate  III.  where  the  two  loadftones  pre- 
fent to  each  other  the  poles  B  and  a^  the'  magnetic 
matter  which  iffues  from  the  pole  B,  finding  imme* 
diately  free  admiflion  into  the  other  loadftone  by  it's 
pole  a^  will  not  be  diverted  toward  the  fides,  in  order 
to  return  and  re-enter  at  A,  but  will  pafs  diredUy  by 
C  into  the  other  loadftone,  and  efcape  from  it  at  b^ 
and  will  perform  the  circuit  by  the  fides  d  d  to  re- 
enter, not  by  the  pole  a^  but  by  the  pole  A,  of  the 
other  loadftone,  completing  the  circuit  by  ef.    Thus 
the  vortices  of  thefe  two  loadftones  will  unite,  as  if 
there  were  but  one;  and  this  vortex  being  com- 
preffed  on  all  fides  by  the  ether,  will  impel  the  two 
loadftones  toward  each  other,  fo  that  they  will  ex- 
hibit a  mutual  attraction. 

This  is  the  reafpn  why  the  poles  of  different  names 
are  denominated yr/>w<a7y,  and  thofe  of  the  fame  name 
ho/tile,  the  principal  phenomenon  in  magnetifm,  in 

as 
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as  much  as  the  poles  of  diflFerent  names  attract,  and 
thofe  of  the  lame  name  repel  each  other. 

'fth  November  J   I'jfji, 
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LETTER    LXIV. 

Nature  of  Iron  and  Steel.  •  Manner  of  communicating  to 

them  the  Magnetic  Force. 

HAVING  fettled  the  nature  of  the  loadftone  in 
thefe  canals  which  the  magnetic  matter  can 
pervade  in  only  one  direftion,  becaufe  the  valves 
they  contain  prevent  it's  return  in  the  contrary  di- 
rection, you  can  no  longer  doubt  that  they  are  the 
continuation  of  thofe  pores,  (fg.  8,  plate  11.  J  whofe 
fibres  point  in  the  fame  direftion,  fo  that  feveral  of 
thefe  particles,  being  joined  in  continuation,  confti- 
tute  one  .magnetic  canal.  It  is  not  fufficient,  there- 
fore, that  the  matter  of  the  loadftone  fliould  contain 
many  fimilar  particles ;  they  muft  likewife  be  dif- 
pofed  in  fuch  a  manner  as  to  form  canals  continued 
from  one  extremity  to  the  other,  in  order  to  grant 
an  uninterrupted  tranfmiflion  to  the  magnetic  matter. 
Iron  and  fteel,  then,  apparently  contain  fuch  par- 
ticles in  great  abundance;  thefe  are  not,  however, 
originally  difpofed  in  the  manner  I  have  been  de- 
fcribing,  but  are  fcattered  over  the  whole  mafs,  and 
this  difpofition  is  all  they  want  to  become  real  mag- 
nets. In  that  cafe,  they  ftill  retain  all  their  other 
qualities,  and  arc  not  .diftinguilhable  from  other 
maffes  of  iron  and  fted,  except  that  now  they  have, 

befides. 
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beiideSy  the  properties  of  the  loadflone :  a  knife  and 
a  needle  anfwer  the  fame  purpofes,  whether  they 
have  or  want  the  magnetic  virtue.  The  change 
which  takes  place  in  the  interior,  from  the  arrange- 
ment of  the  particles  in  the  order  which  magnetifm 
requires,  is  not  externally  perceptible }  and  the  if  oil 
or  fled  which  has  acquired  the  magnetic  force^  is 
denominated  an  artificial  magnet,  to  diftinguifh  it 
from  the  natural,  which  refembles  a  ftone,  though 
the  magnetic  properties  are  the  lame  in  both.  You 
will  have  a  curiofity,  no  doubt,  to  be  informed  in 
what  manner  iron  and  fteel  may  be  brought  to  rc« 
mve  the  magnetic  force,  and  fo  become  artificial 
magnets.  Nothing  can  be-  more  fimjde;  and  the 
vidnity  of  a  loadftone  is  capable  of  rendering  iron 
fome  what  magnetic :  it  is  the  magnetic  vortex  which 
produces  this  effeft,  even  though  the  iron  and  load- 
ftone  fhould  not  come  into  contaft. 

However  hard  iron  may  appear,  the  patticles 
which  contain  the  magnetic  pores  formerly  repre* 
fented,  are  very  pliant  in  fubftance,  and  the  fmalleft 
force  is  fuflfcient  to  change  their  fituation.  The 
magnetic  matter  of  the  vortex,  entering  into  the 
iron,  will  then  eafily  difpofe  the  firft  magnetic  pores 
which  it  meets,  following  it's  own  dire6lion ;  thofe 
at  leaft  whofc  fituation  is  riot  very  different;  and 
having  run  through  them,  it  will  aft  in  the  fame 
manner  on  the  adjacent  pores,  till  it  has  forced  a 
paffage  quite  through  tie  iron,  and  thereby  formed 
fome  magnetic  canals.  The  figure  of  the  iron  con- 
tributes greatly  to  facflitate  this  diange;  a  lengthened 

7  figure. 
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figure,  and  placed  in  the  fame  dire<Etion  with  the 
vortex,  i$  moft  adapted  to  it,  as  the  magnetic  matter, 
in  pai&ng  through  the  whole  length,  there  diQ)ofes  a 
great  many  particles  in  their  juft  fituation,  in  order 
to  form  longer  magnetic  canals;  axid  it  is  certain, 
that  the  more  therq  is  the  means  of  forming  canals, 
the  longer  they  will  be  without  interruption,  the 
more  rapid  will  be  the  motion  of  the  magnetic  mat- 
ter, and  the  greater  the  magnetic  force. 

It  has  likewlie  been  remarked,  that  when  the  iron, 
placed  in  a  magnetic  vortex,  is  violently  ihaken  or 
ftruck,  it  acquires  a  Hghcr  degree  of  magnetifin 
from  this,  becaufe  the  minute  particles  are  by  fuch 
concuifion  agitated  and  difengaged,  fo  as  to  yield 
more  eafily  to  the  action  of  the  magnetic  matter 
which  penetrates  them. 

Placing  accordingly  a  fmall  bar  of  iron  a  b  (opiate 
III.  Jig.  4.)  in  the  vortex  of  the  loadftone  A  B,  fo 
that  it*s  diredion  may  nearly  agree  with  that  of  the 
current  d  efdi  the  magnetic  matter,  it  will  with  eafe 
pais  through  the  bar,  and  form  in  it  magnetic  canals, 
efpecially  if,  at  the  iame  timq,  the  bar  is  ihaken  or 
firuck,  to  facilitate  the  tranfmiiiion.  It  is  likcwife 
obfervable,  that  the  magnetic  matter,  which  enters 
at  the  pole  A  of  the  loadfione,  and  efcapes  at  the 
pole  B,  will  cxxter  the  bar  at  the  extremity  a  and 
cfcape  at  the  extremity  ^,  fo  that  the  extremity  a 
will  become  the  pole  of  the  iamc  name  A,  and  b  the 
£une  with  B.  Then  taking  this  bar  a  b  out  of  the 
Biagnetic  vortex,  it  will  be  an  artificial  magnet, 
fhough  very  &ehle,  which  wiU  fupply  it's  own  vor- 
tex. 
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tex,  and  preferve  it's  magnetic  power,  as  long  as  it's 
magnetic  canals  fliall  not  be  interrupted.  This  will 
take  place  fo  muf  h  the  more  cafily  that  the  pores  of 
iron  are  pliant ;  thus  the  fame  circumftance  which 
affifts  the  produftion  of  magnetifm,  contributes  like- 
wife  to  it's  deftruftion.  A  natural  magnet  is  not  fo 
rafily  enfeebled,  becaufe  the  pores  are  much  clofer,and 
more  coniider able  efforts  arerequifite  to  derange  them. 
I  fliall  go  more  largely  into  the  detail  afterward. 

I  here  propofe  to  explain  the  manner  of  mofl  na- 
turally rendering  iron  magnetic ;  though  the  force 
which  it  thence  acquires  is  very  fmall,  it  will  aflift  us 
in  comprehending  this  remarkable  and  almoft  uni- 
verfal  phenomenon.     It  has  been  obferved,  that  the 
tongs  and  other  implements  of  iron  which  are  ufually 
placed  in  a  vertical  pofition,  as  well  as  bars  of  iron 
fixed  perpendicularly  on  fteeples,  acquire  in  time  a 
very  fenfible  magnetic  force.     It  has  likewifc  been 
perceived,  that  a  bar  of  iron,  hammered  in  a  vertical 
pofition,  or  heated  red  hot,  on  being  plunged  into 
cold  water  in  the  fame  pofition,  becomes  fome^^^hat 
magnetic,  without  the  application  of  any  loadflone. 
In  order  to  account  for  this  phenomenon,  you  have 
only  to  recoUcft  that  the  earth  itfelf  is  a  loadftone, 
and  confequently  encompaffed  with  a  magnetic  vor- 
tex, of  which  the  declination  and  inclination  of  the 
magnetic  needle  every  where  fhew  the  true  direction. 
If  then  a  bar  of  iron  remain  long  in  that  pofition, 
there  is  no  reafon  to  be  furprized,  fliould  it  become 
magnetic.     We  have  likewife  feen,  that  the  inclina-- 
tion  of  the  magnetic  needle  is,'at  Berlin,  72  degress,: 

and 
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and  as  it  is  nearly  the  fame  all  over  Europe,  this  in- 
clination differs  only  i8  degrees  from  the  vertical 
pofition;  the  vertical  pofition,  accordingly,  differs 
but  little  from  the  direction  of  the  magnetic  vortex : 
a  bar  of  iron,  long  kept  in  that  pofition,  will  be  at 
laft  penetrated  with  the  magnetic  vortex,  and  muft 
confequently  acquire  a  magnetic  force. 

In  other  countries,  where  the  inclination  is  imper- 
ceptible, which  is  the  cafe  near  the  equator,  it  is  not 
the  vertical,  but  rather  the  horizontal  pofition  which 
renders  bars  of  iron  magnetic,  for  their  pofition  muft 
correfpond  to  the  magnetic  inclination,  if  you  would 
have  them  acquire  a  magnetic  force.  I  fpeak  here 
only  of  iron ;  fteel  is  too  hard  for  the  purpofe,  and 
means  more  efficacious  muft  be  employed  to  com- 
municate  the  magnetic  virtue  to  it. 

lo/^  November  J  1761. 
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Anion  of  Loadjiones  on  Iron.     Phenomena  obfervable  on 
placing  Pieces  of  Iron  near  a  Loadflone. 

^  I  ^HOUGH  the  whole  earth  may  be  confidercd 
-^  as  a  vaft  loadftone,  and  as  encompaffed  with  a 
magnetic  vortex,  which  every  where  direfts  the  mag^ 
netic  needle,  it's  magnetic  power  is,  however,  very 
feeble,  and  much  lefs  than  that  of  a  very  fmall  load- 
flone: this  appears  very  ftrange,  confidering  the 
enormous  magnitude  of  the  earth. 
It  arifes,  undoubtedly,  from  our.  very  remote  dif- 

tanc 


2^6  ACTION  OF  LOADSTONES  ON  IRON. 

tance  from  the  real  magnetic  poles  of  the  earth, 
which,  from  every  appearance,  are  burred  at  a  great 
depth  below  the  furface :  now,  however  powerful  a 
loadflone  may  be,  it's  force  is  confiderable  only  when 
it  is  very  near ;  and  as  it  removes  that  force  gradu* 
ally  diminifhes,  and  at  length  difappears.  For  this 
reafon,  the  magnetic  force  acquired  in  time  by  mafles 
<if  iron  fuitably  placed  in  the  earth's  vortex  is  very 
finall,  and  indeed  hardly  perceptible,  unlefs-  it  is  very 
foft,  and  of  a  figure  adapted  to  the  produ6lion  of  a 
vortex,  as  has  been  already  remarked. 

This  efFecl  is  much  more  confiderable  near  a  load-r 
ftone  of  moderate  fize :  fmall  maffes  of  iron  fpeedily 
acquire  from  it  a  very  perceptible  magnetic  force ; 
they  are  likewife  attracted  toward  the  loadftone  ; 
whereas  this  effeft  is  imperceptible  in  the  earth's  vor- 
tex, and  confifts  only  in  direding  magnetic  needles, 
without  either  attra(5ling  them  or  increafing  their 
weight. 

A  mafs  of  iron  plunged  into  the  vortex  of  a  load-* 
ftone,  likewife  prcfents  very  curious  phenomena, 
which  well  deferve  a  particular  explanation.  Not 
only  is  this  mafs  at  firft  attracted  toward  the  load- 
"•  ftone,  but  it  too  attracts  other  pieces  of  iron.  Let 
AR,  f plate  III.  fg.  5. J  be  a  natural  magnet,  in  the 
vicinity  of  which,  at  the  pole  B,  is  placed  the  maf$ 
of  iron  CD,  and  it  will  be  found  that  this  laft  is  ca- 
pable of  fupporting  a  bar  of  iron  EF.  Apply  again 
to  this,  at  F,  an  iron  ruler  GH,  in  any  pofition 
whatever,  fay  horizontal,  fupporting  it  at  H,  and 
it  will  be  found  that  the  ruler  is  not  only  attracted 

by 
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by  the  bar  at  F,  but  likewife  capable  of  fupporting, 
at  Hj  needles  as  I K,  and  that  thefe  needles  again 
aft  on  filings  of  iron  L,  and  attra6l  them. 

The  magnetic  force  may  thus  be  propagated  to 
very  confiderable  diftances,  and  even  made  to  change 
it's  direftion,  by  the  diflFerent  pofition  of  thefe  pieces 
of  iron,  though  it  gradually  diminiifhes.  You  are 
perfeftly  fenfible,  that  the  more  powerful  the  load- 
ftone  AB  is  of  itfelf,  and  the  nearer  to  it  the  firft 
mafs  CD,  the  more  confiderable  likewife  is  the  efFeft* 
The  late  Mr.  de  Maupertuis  had  a  large  loadftone  fo 
powerful,  that  at  the  diftance  even  of  feveral  feet, 
the  mafs  of  iron  CD  continued  to  exert  a  very  con- 
fiderable force. 

In  order  to  explain  thefe  phenomena,  you  have 
Only  to  confider,  that  the  magnetic  matter  which 
efcapes  rapidly,  at  the  pole  of  the  loadftone  B,  en* 
ters  into  the  mafs  of  iron,  and  difpofes  the  pores  of 
it  to  form  magnetic  canals,  which  it  afterward  freely 
pervades.  In  like  manner,  on  entering  into  the  bar, 
it  will  there  too  form  magnetic  canals,  and  fo  on. 
And  as  the  magnetic^  matter,  on  iffuing  from  one 
body,  enters  into  another,  thefe  two  bodies  muft 
undergo  a  mutual  attraction,  for  the  fame  reafon,  as 
I  have  before  proved,  that  two  loadftones^  which 
prefent  their  friendly  poles  to  each  other,  muft  be 
attrafted :  and  as  often  as  we  obferve  an  attraftion 
between  two  pieces  of  iron,  we  may  with  certainty 
conclude,  that  the  magnetic  matter  which  iflues  from 
the  one  is  entering  into  the  other,  from  the  conti- 
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nual  motion  with  which  it  penetrates  thefe  bodies* 
It  is  thus  that,  in  the  preceding  difpofition  of  the 
bars  of  iron,  the  magnetic  matter  in  it's  motion  per- 
vades all  of  them,  and  this  is  the  only  reafon  of  their 
mutual  attraction. 

The  fame  phenomena  ftill  prefent  thcmfdves,  on 
turning  the  other  pole  A  of  the  loadflone,  by  which 
the  magnetic  matter  enters,  toward  the  mafs  of  iron. 
The  motion  in  this  cafe  becomes  retrograde,  and  prc- 
ferves  the  fame  courfe;  for  the  magnetic  matter 
contained  in  the  mais  of  iron  will  then  efcape  from 
it,  to  pais  rapidly  into  the  loadftone,  and,  in  making 
it's  efcape,  will  emjsdoy  the  fame  eflforts  to  arrange 
the  pores  in  the  mals  fuitably  to  the  current,  as  if  it 
were  rapidly  entering  into  the  iron.  To  this  end, 
therefore,  the  iron  muft  be  fufficiendy  foft,  and  thefc 
pores  pliant,  to  obey  the  efforts  of  the  magnedc  mat* 
tcr.  A  diflbiculty  will,  no  doubt,  here  occur  to  you  ; 
it  will  be  alked,  How  do  you  account  for  the  change 
of  direftion  of  the  magnetic  matter,  on  entering  into 
another  bar  of  iron ;  and  why  is  that  direction  re- 
gulated according  to  the  length  of  the  bars,  as  it's 
courfe  is  reprefcnted  in  the  figure  ?  This  is  a  very 
important  article  in  the  theory  of  magnetifm,  and  it 
proves  how  much  the  figure  of  the  pieces  of  iron 
contributes  to  the  produdion  of  the  magnetic  phe- 
nomena. 

To  elucidate  this,  it  muft  be  recollefted,  that  this 
fubtile  matter  moves  with  the  utmoft  eafe  in  the 
magnetic  pores,  where  it  is  feparated  from  the  ether  ^ 

and 
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and  that  it  encounters  very  confiderable  obftacles, 
when  it  efcapes  from  them,  with  all  it's  velocity,  to 
re-enter  into  tl^e  ether  and  the  air. 

Let  us  fuppofe  that  the  magnetic  matter,  after 
having  pervaded  the  bar  CD,  (jig.  6.  flate  III.)  en- 
ters into  the  iron  ruler  EF,  placed  perpendicularlyw 
It  would  certsdnly,  on  it's  firft  admiffion,  preferve  the 
fame  direfbion,  in  order  to  efcape  at  ;w,  unlefs  it 
found  an  eafier  road  in  which  to  continue  it's  mo- 
tion :  but  meeting  at  m  the  greateft  obftruftion,  it 
at  firft  changes  it^s  dii:eftion,  though  in'  a  very  fmall 
degree,  toward  F,  where  finding  pores  adapted  to 
the  continuation  of  it's  motion,  it  will  deviate  more 
and  more  from  it's  firft  dire<9ion,  and  travel  through 
the  ruler  EF  in  all  it's  length ;  and,  as  if  the  mag- 
netic matter  were  loth  to  leave  the  iron,  i:  endea- 
vours to  continue  it's  motion  there  as  long  as  poflSble, 
availing  itfelf  of  the  length  of  the  ruler ;  but  if  the 
ruler  were  very  fliort,  it  would  undoubtedly  efcape 
at  m.  But  the  length  of  the  ruler  prefenting  it  a 
fpace  to  run  through,  it  follows  the  direAion  EF, 
tiU  it  is  under  the  neceffity  of  efcaping  at  F,  where 
all  the  magnetic  canals,  formed  according  to  the 
fame  dire(^on,  no  longer  permit  the  fubtile  mag- 
netic matter  to  change  it's  direction,  and  return 
along  the  Irufer;  thefe  canak:  hdng  not  only  filled 
with  fucceding  matter,  but,  from  their  very  nature, 
incapable  of  receiving  motion  in  an  c^pofite  direc- 
tion. 

I  l^b  Ndvemhery  1 76 1 . 
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Arming  of  Loddjiones. 

YOU  have  jiift  feen  h6w  iron  may  receive  the 
magnetic  current  of  a  loadftone,  convey  it  to 
confiderable  diftances,  and  even  change  it's  direction. 
To  unite  a  loadftone,  therefore,  to  pieces  of  iron,  is 
much  the  fame  with  increafing  it*s  fize,  as  the  iron 
acquires  the  fame  nature  with  refpe<ft  to  the  mag- 
netic matter ;  and  it  being  farther  poflible  by  fuch 
means  to  change  the  direftion  of  the  magnetic  cur- 
tent,  as  the  pole^  are.  the  places  where  this  matter 
enters  the  loadftone  and  efcapes,  we  are  enabled  to 
condud  the  poles  at  pleafure. 

On  this  principle  is'^founded  the  arming,  or  mount- 
ing, of  loadftones ;  a  fubjeft  well  worthy  of  your  at- 
tention, as  loadftones  are  thereby  carried  to  a  higher 
degree  of  ftrength- 

Loadftones,  on  being  taken  from  the  mine,  are 
ufually  reduced  to  the  figure  of  a  paralielopiped,  or 
reftangular  parallelogram,  with  thicknefs  a4  A  A,  BB, 
(Jig%  7.  plate  IIL)  of  which  the  furface  A  A  is  the 
pole  by  which  the  ihagnetic  matter  enters,  and  BB 
that  by  which  it  efcapes.  It  is  filled,  then,  the  whole 
kngth  A  B  with  canals  ^7^,  which  the  magnetic  mat- 
ter, impelled  by  the  elaftic  power  of  the  ether^  freely 
pervades  in  the  utmoft  rapidity,  without  any  mix- 
ture of  that  fluid.  Let  us  now  fee  in  what  manner 
(uch  a  loadftone  is  ufually  armed. 

To 
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To  each  furface  A  A  and  BB,  fj>lafe  IIL  fg.  ^O 
the  two  poles  of  the  loadftone,  are  applied  plates  of 
iron  a  a  and  h  b^  terminating  below  in  the  knobs  3 
and  25,  called  the  feet ;  this  is  what  we  denominate 
the  armour  of  the  loadftone,  and  when  this  is  done, 
the  loadftone  is  faid  to  be  armed.  In  this  ftate,  the 
magnetic  matter  which  would  have  efcaped  at  the 
furface  BB,  paffes  into  the  iron  plate  bb^  where  the 
difficulty  of  flying  off  into  the  air,  in  it's  own  direc* 
tion,  obliges  it  to  take  a  different  one,  and  to  flow 
along  the  plate  h  b  into  the  foot  2?,  and  there  it  is 
under  the  neceflity  of  efcaping,  ais  it  no  longer  finds 
iron  to  aflift  the  continuation  of  it's  motion.  The 
fame  thing  takes  place  on  the  other  fide ;  the  fubtile 
matter  will  be  there  conducted  through  the  foot  2, 
from  which  it  will  pafs  into  the-  plate  a  ^^,  changing 
it's  direction  to  enter  into  the  loadftone,  and  to  fly 
through  it's  magnetic  canals.  For  the  fubtile  mat- 
ter, contained  in  the  plate,  enters  firft  into  the  load- 
ftone ;  it  is  followed  by  that  which  is  the  foot  3,  re- 
placed in  it's  turn  by  the  e^i^ternal  magnetic  matter, 
which  being  there  impelled  by  the  elafticity  of  the 
ether,  penetrates  the  foot  a  and  the  plate  a  a  with  a 
rapidity  whofe  vehemence  is  capable  of  arranging  the 
poles,  and  of  forming  magnetic  canals. 

Hence  it  is  evident  that  the  motion  mufl:  be  the 
fame  on  both  fides,  with  this  difference,  that  the 
magnetic  matter  will  enter  by  the  foot  3,  and  efcape 
by  the  foot  2?,  fo  that  in  thefe  two  feet  we  now  find 
the  poles  of  the  armed  loadftone ;  and  as  the  poles 
formerly  diiQfufe4  over  the  furfaces  A  A  and  BB  are 

S  3  now 
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now  colleAed  in  the  bafcs  of  the  feet  J  and  2?,  it  is 
naturally  to  be  fuppofed  that  the  magnetic  force  muft 
be  confidcrably  greater  in  thefe  new  poles. 

In  this  ftate,  accordingly,  the  vortex  will  be  more 
eaiily  formed.  The  matter  efcaping  from  the  foot 
35  will,  with-the  utmoft  fecility,  return  to  the  foot  3, 
paffing  through  C ;  and  the  reft  of  the  body  of  the 
loadftone  will  not  be  encompaffed  by  any  vortex ; 
unlefs  perhaps  a  fmall  quantity  of  magnetic  matter 
ihould  efcape  from  the  pUte  b  b,  from  it*s  not  being 
able  to  change  the  dircftion  fo  fuddenly  :  and  unlefs 
a  fmall  quantity  ihould  find  admiflion  by  the  plate 
0  ay  which,  in  that  cafe,  might  produce  a  feeble  vor- 
tex, whereby  the  fubtile  matter  would  be  immedi- 
titcly  condufted  from  the  plate  bb  to  aa;  however, 
if  the  armour  be  well  fitted,  this  fecond  vortex  will 
be  almoft  imperceptible,  and  confequently  the  cur- 
rent  between  the  feet  is  fo  much  the  ftronger. 

The  principal  direftion  for  arming  loadftones,  is 
carefully  to  polifh  both  furfeces  of  the  loadftone  A  A 
and  BB,  as  well  as  the  plates  of  iron,  fo  that,  on 
applying  them  to  the  loadftone,  they  may  exadtiy 
touch  it  in  every  point,  the  fubtile  matter  pafling 
eafily  from  the  loadftone  to  the  iron,  when  unob* 
ftfufted  by  any  intervenient  matter ;  but  if  there  be 
a  vacuum,  or  a  body  of  air,  between  the  loadftone 
apd  the  plates,  the  magnetic  matter  will  lofe  almoft 
all  it's  motion,  it's  current  will  be  interrupted,  and 
rendered  incapable  of  forcing  it's  pairage  througlx 
the  iron,  by  forming  magnetic  canals  in  it. 

'i'h^  fofteft  and  moflt  ductile  iron  is  to  be  prefer- 
red 
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red  for  the  conftruclion  of  fuch  armour,  becaufe  it's 
pores  are  pliant,  and  eafily  arrange  themfelves  in 
conformity  to  the  current  of  the  nugnetic  matter : 
iron  of  this  defcription,  accordingly,  appears  much  ,, 
adapted  to  the  production  of  a  fudden  change  in  the 
direction  of  the  current :  the  magnetic  matter,  too, 
feems  to  affect  a  progrefs  in  that  direction  as  long  as 
poflible,  and  quits  it. not,  till  the  continuance  of  it's 
motion  through  that  medium  is  no  longer  pradti- 
cable :  it  prefers  making  a  circuit  to  a  premature  de- 
parture :  a  thing  that  does  not  take  place  in  the 
loadftone  itfelf,  in  which  the  magnetic  canals  are  al- 
ready foftned,  nor  in  fteel,  whofe  pores  do  not  fo 
eafily  yield  to  the  eflForts  of  a  magnetic  current.  But 
when  thefe  canals  are  once  formed  in  fteel,  they  are 
not  fo  eafily  deranged,  and  much  longer  retain  their 
magnetic  force ;  whereas  foft  iron,  whatever  force  it 
may  have  exerted  during  it's  junction  with  a  load- 
ftone, lofes  it  almoft  entirely  on  being  disjoined. 

Experience  muft  be  confulted  as  to  the  other  dr- 
cumftances  of  arming  loadftones.  Rcfpecting  the 
plates,  it  has  been  found,  that  a  thicknefs  cither  too 
great  or  too  fmall  is  injui^ious;  but  for  the  moft 
part,  the  beft  adapted  plates  are  very  thin,  which 
would  appear  ftrange,  did  we  not  know  that  the 
magnetic  matter  is  much  more  fubtile  than  ether, 
and  that,  confequently,  the  thinneft  plate  is  fufficient 
to  receive  a  very  great  quantity  of  it. 

1  Jtb  November p  1761.  , 


S  4  LETTER 


a54  ACTION  AND  FORCE  OF 


LETTER    LXVIL 

Adion  and  Force  of  armed  Loadjlones. 

AT  the  feet  of  it's  armour,  then,  a  loadftone  ex- 
erts it's  greateft  force,  becaufe  there  it's  poles 
are  coUefted ;  and  each  foot  is  capable  of  fupporting 
a  weight  of  iron,  greater  or  lefs  in  proportion  to  the 
excellency  of  the  loadftone. 

Thus  a  loadftone   A  A,  B  B,  (flaie  III  fig.  g.J 
armed  with  plates  of  iron  a  a  and  b  i,  terminating 
in  the  feet  a  and  23,  will  fupport  by  the  foot  2  not 
only  the  iron  ruler  CD,  but  this  laft  will  fupport 
another  of  fmaller  fize  EF,  this  again  another  ftill 
fmaller  GH,  which  will  in  it's  turn  fupport  a  needle 
I K,  which,  finally,  will  attraft  filings  of  iron  L ; 
becaufe  the  magnetic  matter  runs  through  all  thefe 
pieces  to  enter  at  the  pole  3 ;  or  if  it  were  the  other 
pole,  by  which  the  magnetic  matter  iffues  from  the 
loadftone,  it  would  in  like  manner  run  through  the 
pieces  CD,  EF,  GH,  IK.    Now,  as  often  as  the  mat- 
ter is  tranfmitted  from  one  piece  to  another,  an  at- 
traftion  between  the  two  pieces  is  obfervable,  or 
rather,  they  are  impelled  toward  each  other  by  the 
furrounding  ether,  becaufe  the  current  of  the  mag- 
netic matter  between  them  diminiihes  the  preflure 
of  that  fluid. 

When  one  of  the  poles  of  the  loadftone  is  tl.us 
loaded,  it's  vortex  undergoes  a  very  reirarkab.'e 
change  of  direction  j  for  as^  without  this  weight,  the 

magnetic 
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magnetic  matter  which  iffues  from  the  pole  25,  di- 
refting  around  it's  courfe,  would  flow  toward  the 
other  pole  3 ;  and  as  now  the  entrance  into  this  pole 
is  fufliciently  fupplied  by  the  pieces  which  it  fup- 
ports,  the  matter  iffuing  from  the  pole  26  muft  take 
quite  a  diflferent  road,  which  will  at  length  conduct 
it  to  the  laft  piece  IK.  A  portion  of  it  will,  un- 
doubtedly, be  likewife  conveyed  toward  the  laft  but 
one  GH,  and  toward  thofe  which  precede  it,  as 
thofe  which  follow,  being  fmaller,  do  not  fupply  in 
fuificient  abundance  thofe  which  go  before,  but  the 
,  vortex  will  always  extend  to  the  laft  piece.  By  thefe 
means,  if  the  pieces  are  well  proportioned  to  each 
other,  in  length  and  thicknefs,  the  loadftone  is  ca- 
pable of  fupporting  much  more,  than  if  it  were 
loaded  with  a  fingle  piece,  in  which  the  figure  like- 
wife  enters  principally  into  confideration.  But  in 
order  to  make  it  fuftain  the  grcateft  poffible  weight, 
we  muft  contrive  to  unite  the  force  of  both  poles. 

For  this  purpofe,  there  is  applied  to  the  two  poles, 
3  and  SS?  {plate  IV.  fig.  i.)  a  piece  of  foft  iron  CD, 
touching  the  bafes  of  the  feet  in  all  points,  and  whofe 
figure  is  fuch,  that  the  magnetic  matter  which  iffues 
from  %  fhall  find  in  it  the  moft  commodious  paflage 
to  re-enter  at  the  other  extremity  3.  Such  a  piece 
of  iron  is  called  the  fupporter  of  the  loadftone ;  and 
as  the  magnetic  matter  enters  into  it,  on  iffuing 
from  the  loadftone  at  %^  and  er;ters  into,  the  other 
pole  2  on  iffuing  from  the  fupporter,  the  iron  will 
be  attracted  to  both  poles  at  once,  and  confequently 
adhere  to  them  with  great  force.   In  order  to  know 
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how  much  power  the  loadftone  exerts,  there  is  af« 
fixed  to  the  fupporter  at  the  middle  F,  a  weight  P, 
which  is  incrcftfed  till  the  loadftone  is  no  longer  ca» 
pablc  of  fuftaining  it,  and  then  that  weight  is  faid 
to  counterbalance  the  magnetic  power  of  the  load- 
ftone :  this  is  what  you  are  to  underftand  when  told, 
that  fuch  a  loadftone  carries  ten  pounds  weight,  fuch 
another  thirty,  and  fo  on.  Mahomet's  coffin,  they 
pretend,  i§  fupported  by  the  force  of  a  loadftone  j 
z  thing  by  no  means  impoflible,  as  artificial  magnets 
have  already  been  conftrufted  which  carry  more  thani 
1 60  pounds  weight. 

A  loadftone  armed  with  it's  fupporter  lofes  nothing 
of  the  magnetic  matter,  which  performs  it's  complete 
vortex  within  the  loadftone  and  the  iron,  fo  that 
Qone  of  it  cfcapes.  into  the  air.  Since,  then,  mag- 
netiftn  exerts  it's  power  only  in  fo  far  as  the  matter 
cfcapes  from  one  bo4y  to  enter  into  another ;  a  load- 
ftone  whofe  vortex  is  fliut  up,  feould  no  wh^re  exert 
the  magnetic  power ;  neverthelefs  when  it  is  touched 
on  the  plate  at  a  with  the  point  of  a  needle,  a  very 
powerful  attraction  is  perceptible,  becaufe  the  mag» 
netic  matter  being  obfiged  fuddenly  to  change  it's 
direftion,  in  order  to  enter  into  the  canals  of  the 
loadftone,  finds  a  more  commodious  paffage  by  run- 
ning through  the  needle,  which  will  confequently  be 
attracted  to  the  plate  f  a.  But,  by  that  very  thingj^ 
the  vortex  will  be  deranged  inwardly ;  it  will  not 
flow  fo  copioufly  into  the  feet ;  and  if  you  were  to 
apply  feveral  needles  to  the  plate,  or  iron  rulers  ftill 
more  powerful,  the  curitCiit  toward  the  feet  would 
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be  entirely  diverted,  and  the  force  which  attracts 
the  fupporter  would  altogether  difappear,  fo  that  it 
woidd  drop  off  without  effort.  Hence  it  is  evident, 
that  the  feet  lofe  their  magnetic  power  in  proportion 
as  the  loadftone  exercifes  it's  force  in  other  places, 
and  thus  we  are  enabled  to  account  for  a  variety  of 
very  furprizing  phenomena,  which,  without  the 
theory,  would  be  abfolutely  inexplicable. 

This  is  the  proper  place  for  introducing  the  expe- 
riment which  dcmonftrates,  that  after  having  applied 
it's  fupporter  to  an  armed  loadftone,  you  may  go  on, 
from  day  to  day,  increafing  the  weight  which  it  is 
able  to  fuftain,  till  it,  at  length,  fliall  exceed  the 
double  of  what  it  carried  at  fii  ft.  It  is  neceffary  to 
fliew,  therefore,  how  the  magnetic  force  may,  in 
time,  be  incrcafed  in  the  feet  of  the  armour.  The 
cafe  above  defcribed,  of  the  derangement  of  the  vor- 
tex, afliiies  us,  that  at  the  moment  when  the  fup- 
porter is  applied^  the  current  of  the  magnetic  mat- 
ter  is  ftill  abundantly  irregular,  that  a  confiderable 
part  of  it  is  ftill  efcaping  by  the  plate  b  b^  and  that 
it  will  require  time  to  force  magnetic  canals  in  the 
iron ;  it  is  Kkewife  probable  that,  when  the  current 
ihall  have  become  more  free,  new  canals  may  be 
formed  in  the  loadftone  itfelf,  confidering  that  it  con- 
tains, befide  thofe  fixed  canals,  moveable  poles,  as 
iron  does.  But  on  violently  feparating  the  fupporter 
from  the  loadftone,  the  current  being  difturbed,  and 
thefe  new  canals  in  a  great  meafurc  dcftroyed,  the 
force  is  fuddcnly  rendered  as  fmall  as  at  the  begin- 
ning ;  and  fome  time  muft  intervene  before  thefe  ca- 
nals. 
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nals,  with  the  vortex,  can  retover  their  preceding 
ftatc.  I  once  conftrucled  an  artificial  magnet,  wliich 
at  firft  could  fupport  only  ten  pound  \\  eight,  and, 
after  fome  time,  I  was  furprized  to  find  that  it  could 
fupport  more  than  thirty.  It  is  remarked,  chiefly 
in  artificial  magnets,  that  time  alone  ftrengthcns 
them  confiderably,  but  that  this  increafe  of  force  lafts 
only  till  the  fupporter  is  feparated  from  it. 

2 1/?  'Kwemhery  lybi. 
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The  Manner  of  communicating  to  Steel  the  Magnetic 
Force^  and  of  magnetizing  Needles  for  the  Compafs  r 
the  Simple  Touch,  it^s  Defers  ;  Means  of  remedyi?ig 
thefe. 

T  TAVING  explained  the  nature  of  magnets  in  ge- 
-*-  -*•  neral,  an  article  as  curious  as  interefting  ftill 
remains,  namely,  the  manner  of  communicating  to 
iron,  but  efpecially  to  fteel,  the  magnetic  power,  and 
even  the  higheft  degree  pofllble,  of  that  power. 

You  have  feen  that,  by  placing  iron  in  the  vortex 
of  a  loadftone,  it  acquires  a  magnetic  force,  but  which 
almoft  totally  difappears,  as  foon  as  it  is  removed  out 
of  the  vortex ;  and  that  the  vortex  of  the  earth  alone 
is  capable,  in  time,  of  impreffing  a  flight  magnetic 
power  upon  iron  ;  now,  flcel  being  harder  than  iron, 
and  almofl:  entirely  infenfible  to  tliis  action  of  the 
magnetic  vortex,  more  pov/crfui  operations  mufl:  be 
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employed  to  magnetize  it ;  but  then  it  retains  the 
tnacrnetic  force  much  lono^er. 

o  o 

For  this  purpofe  we  muft  have  fec^urfe  to  touch- 
ing, and  even  to  friftion.  I  begin,  therefore,  with 
explaining  the  method  formerly  employed,  for  mag* 
netizing  the  needles  of  compaffes ;  the  whole  opera- 
tion confifted  in  rubbing  them  at  the  pole  with  a 
good  loadftone,  whether  naked  or  armed. 

The  needle  asb  c  (plate  IV.  fg.  2.)  was  laid  on 
a  table ;  the  pole  B  of  the  loadftone  was  drawn 
over  it,  from  b  toward  ^,  arid,  being  atrived  at  the 
extremity  ^,  the  loadftone  was  raifed  aloft,  and 
brought  back  through  the  air  to  b ;  this  operation 
was  repeated  feveral  times  together,  particular  care 
being  taken  that  the  other  pole  of  the  loadftone 
ftiould  not  come  near  the  needle,  as  this  would  have 
difliirbed  the  whole  p'rocefe.  Having,  feveral  times 
drawn  the  pole  B  of  the  loadftone  over  the  needle 
from  b  to  a^  the  needle  had  become  magnetic,  and 
the  extremity  b  of  the  fame  name  with  that  of  the 
loadftone  with  which  it  had  been  rubbed.  In  order 
to  render  the  extremity  b  the  north  pol^,  it  would 
have  been  neceffary  to  rub  with  the  pole  of  this  name 
in  the  loadftone,  proceeding  from  b  to  a\  but  in 
rubbing  with  the  fouth  pole,  the  progrefs  muft  be 
from  a  to  b. 

This  method  of  rubbing  or  touching,  is  denomi^r 
nated  the  Jimple  touchy  becaufe  the  operation  is  per- 
formed by  touching  with  one  pole  only  ;  but  it  is 
extremely  defective,  and  communicates  but  very  little 

power 
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power  to  the  needle,  let  the  loadftone  be  ever  fo  e^m 
cellent ;  accordingly  it  does  not  fucceed,  when  the 
fieel  is  carried  to  the  higheil  degree  of  hardneis, 
though  this  be  the  ftate  beft  adapted  to  the  retention 
of  magnetifm.  You  will  yourfelf  readily  difcern  the 
defeds  of  this  method  ey  thejimple  touch. 

Let  us  fuppofe  that  B  is  the  pole-  of  the  loadftone 
from  which  the  magnetic  matter  iffues,  as  the  cScSt 
of  the  two  poles  is  fo  fimilar  that  it  is  impoffible  to 
perceive  the  flighteft  difference :  having  refted  the 
pole  on  the  extremity  b  of  the  needle,  the  magnetic 
matter  enters  into  it  with  all  the  rapidity  with  which 
it  moves  in  the  loadftone,  incomparably  greater  than 
that  of 'the  vortex  which  is  in  the  external  air.  But 
what  will  become  of  this  matter  in  the  needle  ?  It 
cannot  get  out  at  the  extremity  Z»,  it  will,  therefore, 
make  an  effort  to  force  it's  way  through  the  needle 
toward  ^,  and  the  pole  B  moving  in  the  fame  direc- 
tion, will  aflift  this  effort ;  but  as  foon  as  the  pole  B 
fliall  arrive  at  a^  the  difficulty  of  efcaping  at  the  ex- 
tremity a  will  occafion  a  contrary  effort,  by  which 
the  magnetic  matter  will  be  im.pelled  from  a  toward 
b ;  and  before  the  firft  effeft  is  entirely  deftroyed, 
this  laft  cannot  take  place.  Afterwards,  when  the 
pole  B  is  again  brought  back  to  the  extremity  ^,  this 
laft  effeft  is  again  deftroyed,  but  without  producing, 
however,  a  current  in  the  contrary  direction  from  b 
toward  a ;  and  confequently,  when  the  pole  B  fliall 
have  got  beyond  c  in  it's  progrefs  toward  ^,  it  will 
more  eafily  produce  a  current  from  a  to  ^,  efpecially 
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if  yen  pf  efs  more  hard  on  the  half  c  a  :  hence  it  is 
clear,  that  the  needle  can  have  acquired  only  a  fmall 
degree  of  the  nmgnetic  power. 

Some^  accordingly,  rub  only  the  half  c  a  f plate  IIL 
jig.  I  o.)  proceeding  from  c  to  a^  and  others  touch 
only  the  extremity  a  of  the  needle,  with  the  pole  B 
of  the  loadftone,  and  with  nearly  the  fame  fucceis* 
But  it  is  evident  that  the  magnetic  matter  which . 
enters  by  the  extremity  a  only,  is  ihcapable  of  ading 
with  fufficient  vigor  on  the  pcwres  of .  the  needle,  for 
arranging  them  conformably  to  the  laws  of  mag- 
netifm  ;  and  that  the  force  impreffed  by  this  method 
muft  be  extremely  fmall,  if  any  thing,  when  the  fteei 
is  very  much  hardened. 

It  appears  to  me,  then,  that  thefe  defeds  of  ibe 
fimple  touch  might  be  remedied  in  the  following  man- 
ner ;  of  the  fuccefs  of  which  I  entertain  no  doubt^ 
though  I  have  not  yet  tried  it,  but  am  confirmed  in 
my  opinion  by  experiments  which  I  have  made. 

I  would  cafe  the  extremity  b  of  the  needle,  (plate 
IIL  fig.  1 1.)  in  a  ruler  of  foft  iron  E  F ;  and  I  fhould 
think  it  proper  to  make  that  ruler  very  thin,  and  as 
ftraight  as  poflible,  but  the  extremity  muft  be  exaftly 
applied  in  all  points,  and  even  fitted  to  a  groove  per- 
feftly  adjufted  for  it's  reception.  On  refting  the  pole  B 
of  the  loadftone  upon  the  extremity  b  of  the  needle^ 
the  magnetic  matter  whidi  enters  into  it,  meeting 
•  fcarcely  any  difficulty  in  it's  progrefs  through  the 
iron  ruler,  will  at  once  purfue  it's  courfe  in  the  di- 
reftion  b  d ;  and  in  proportion  as  the  pole  advance 
toward  a^  the  magnetic  matter,  in  order  to  continue 
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this  courfe,  has  only  to  arrange  the  pores  on  which 
it  immediately  afts ;  and  having  reached  ^^,  all  thefe 
pores,  or  at  leaft  by  far  the  greater  part  of  them,  will 
be  already  difpofed  conformably  to  that  direftion. 
When  you  afterwards  re-commence  the  friftion  at 
the  extremity  ^,  nothing  is  deftroyed,  but  you  con- 
tinue to  perfect  the  current  of  the  magnetic  matter, 
following  the  fame  direction  bd  by  likewife  arrange 
ing  the  pores  which  refifted  the  firft  operation,  and 
thus  the  magnetic  canals,  in  the  needle,  will  always 
become  more  perfeft.     A  few  ftrokes  of  the  pole  B 
will  be  fufficient  for  the  purpofe,  provided  the  load-" 
fione  is  not  too  weak :  and  I  have  no  doubt,  that  the 
beft  tempered  fteel,  that  is,  rendered  as  hard  as  pof- 
iible,  would  yield  to  this  method  of.  operating  ;  an 
unfpeakable  advantage  in  the  conftruftion  of  com- 
pafies,  as  it  has  been  found  that  ordinary  needles  fre- 
quently lofe,  by  a  flight  accident,  all  their  magnetic 
power  ;  by  which  fliips  at  fea  would  be  expofed  to 
the  greateft  dangers,  if  they  had  not  others  in  re- 
ferve.     But  when  needles  are  made  of  well  tempered 
fteel,  accidents  of  this  kind  are  not  fo  much  to  be  ap- 
prehended ;  for  if  a  greater  force  is  requifite  to  ren* 

# 

der  them  magnetic,  in  return  they  preferve  the  power 
more  tenacioufly.  , 
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LETFER   LXIX. 

0/2  the  Double  Touch.     Means  of  preferving  the  Mag- 
netic Matter  in  ?nagnetized  Bars. 

TNSTEAD  of  this  method  of  magnetizing  iron  or 
-*■  fteel  by  thejimple  touchy  by  rubbing  with  one  pole 
only  of  the  loadftone,  wc  now  employ  the  double 
touchy  in  which  we  rub  with  both  poles  at  once, 
which  is  eafily  done  by  meays  of •  sgi  armed  load- 
ftone. 

Let  E  F,  f plate  IV.  fg,  4.  J  be  a  bar  of  iron  or  fteel 
which  you  wilh  to  render  magnetic.  Having  fixed 
it  fteadily  on  a  table,  you  prefs  upon  it  the  two  feet  . 
A  and  B  of  an  armed  loadftone.  In  this  ftate,  you 
will  ealily  fee  that  the  magnetic  matter,  which  iflues 
from  the  loadftone  by  the  foot  B  muft  penetrate  into 
the  bar,  and  would  diffufe  itfelf  in  all  directions,  did 
not  the  foot  A,  on  it's  fide,  attraft  the  magnetic  mat- 
ter contained  in  the  pores  of  the  bar.  This  evacu- 
ation, therefore,  at  d  will  determine  the  matter, 
which  enters  by  the  pole  B,  to  take  it's  courfe  from 
c  toward  d.  provided  the  poles  A  and  B  are  not  too 
remote  from  each  other.  Then  the  magnetic  cur- 
rent will  force  it's  way  in  the  bar,  in  order  to  pafs 
from  the  pole  B  to  the  pole  A,  difpofing  it's  pores  to 
form  magnetic  canals  ;  and  it  is  very  eafy  to  difco- 
ver  whether  this  is  taking  place  ;  you  have  only  to 
obferve  if  the  loadftone  is  powerfully  attraded  to 

Vol.  II.  T     ^  tte 


074  MEANS  OF  PRESERVINP 

the  bar,  which  never  fails,  if  the  bar  is  of  foft  iron, 
as  the  magnetic  matter  caiily  penetrates  it,  But  if 
the  bar  is  of  fteel,  the  attraction  is  frequently  very 
fmall,  a  proof  tliat  the  magnetic  matter  is  incapable 
of  opening  for  itfelf  a  pafl'age  from  c  to  d ;  hence  it 
is  to  be  concluded  that  the  loadflone  is  too  feeble,  or 
that  the  diftance  between  it's  two  poles  is  too  great : 
in  this  cafe  it  would  be  neceffary  to  employ  a  load-* 
fione  more  powerful,  or  whofe  feet  are  nearer,  or, 
finally,  the  armpur  of  the  loadftone  ought  to  bq 
changed  into  tjie^  form  rcprefented  in  plai^  IV.  Jig.  3, 

But  here  is  a  method  for  remedying  this  incon^ 
venience. 

Having  difpofed,  at  fmall  intervals  c  d  (plate  W^ 
jig.  4,)  the  powers  conformably  to  magnetifm,  the 
loadflone  muft  be  feveral  times  dyawn  backward  and 
forward  over  the  bar,  fropi  K)ne  extremity  to  the 
other,  without  taking  it  oflF,  till  you  perceive  that 
the  attraftion  no  longer  increafes  ;  for  it  is  undoubt? 
edly  certain,  that  attraction  is  increafed  in  proportion 
%o  the  increafe  of  the  magnetic  force.  The  bar  E  P 
will  be  magnetized  by  this  operation,  in  fuch  a  man- 
ner  that  the  extremity  E,  toward  which  the  pole  A 
was  turned,  will  be  the  friendly  pole  of  A,  and  con- 
fsquently  pf  the  fame  name  with  the  other  pole  B, 
Again,  on  removing  the  loadftone,  as  magnetic  ca- 
nals are  formed  the  whole  length  of  the  bar,  the 
magnetic  matter  difFufed  through  the  air  will  force 
^  paflage  through  thefe  canals,  and  will  make  the 
^r  a  real  magnet.    It  wifl  enter  by  the  extremity  a 
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and  cfcape  by  the  extremity  b^  from  whence  a  part, 
at  leaft,  will  return  to  a^  and  will  form  a  vortex  fuch 
as  the  nature  of  the  bar  permits. 

I  take  this  occafion  to  remark,  that  the  formation 
of  a  vortex  is  abfolutely  neceffary  to  the  increafe  of 
magnetifm ;  for  if  all  the  magnetic  matter  which 
goes  out  at  the  extremity  b  were  to  fly  off,  and  be 
entirely  difperfed,' without  returning  to  ^,  the  air 
would  not  fupply  a  fufticient  quantity  to  the  other 
extremity  a^  which  muft  occafion  a  diminution  of 
the  magnetic  force.  But  if  a  confiderable  part  of 
that  which  efcapes  at  the  extremity  b  returns  to  ^7, 
the  air  is  abundantly  able  to  fupply  the  remainder, 
arid  perhaps  ftill  more,  if  the  magnetic  canak  of  the 
bar  are  capable  of  receiving  it ;  the  bar  \^'ill  there; 
fore,  in  that  cafe,  acquire  a  much  greater  magnetic 
force. 

This  confideration  leads  me  to  explain  how  it  ig 
poffible  to  keep  up  the  magnetic  matter  in  magne- 
tized bars.  The  objeft  being  to  prevent  the  mag- 
netic matter,  which  pervades  them,  from  difperfing 
in  the  air,  thefe  bars  are  always  difpofed  in  pairs  of 
exacUy  the  fame  fize.  They  are  placed  on  a  table, 
in  a  parallel  fituation,  fo  that  the  friendly  poles,  or 
thofe  of  different  names,  fhould  be  turned  to  thq 
fame  fide  as  mjlg.  5. 

MM  and  NN  reprefent  the  two  bars,  whofq 
friendly  poles  ab^  b  a  are  turned  the  fame  way^ 
To  prevent  miftake,  a  mark  x  is  made  on  each  bar, 
at  the  extremity  wliere  the  north  pole  is,  and  to 
both  ends  i$  applied  a  piece  of  foft  iron  E  E  and  F  F, 
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for  receiving  the  magnetic  current.  In  this  manner, 
the  whole  magnetic  matter  which  pervades  the  bar 
M  M,  and  which  iffucs  at  the  extremity  3,  paffes  into 
the  piece  of  iron  E  E,  where  it  eafily  makes  it's  way, 
to  enter  at  the  extreniity  a  of  the  other  bar  N  N, 
from  which  it  will  efcape  at  the  extremity  b  into  the 
other  piece  of  iron  F  F,  which  re-conveys  it  ijito  the 
firft  bar  M  M  by  the  extremity  a.  Thus  the  mag^ 
netic  matter  will  continue  to  circulate,  and  no  part 
of  it  efcape ;  and  even  in  cafe  there  fliould  not  be  at 
firft  a  fuffident  quantity  to  fupply  the  vortex,  the 
;ur  will  fupply  the  deficienq'',  and  the  vortex  will 
preferve  all  it's  force  in  the  two  bars. 

This  difpofition  of  the  two  bars  may  likewife  be 
employed  for  magnetizing  both  of  them  at  once. 
The  two  poles  of  a  loadftone  muft  be  drawn  over 
the  two  bars,  pafling  from  the  one  to  the  other  by 
the  pieces  of  iron,  and  the  circuit  muft  be  feveral 
times  performed,  carefully  obferving  that  the  two 
poles  of  the  loadftone  'A  and  B  be  turned  as  the 
figure  direfts. 

This  method  of  magnetizing  two  bars  at  once,  muft 
be  much  more  efficacious  than  the  preceding,  as 
from  the  very  firft  circuit  performed  by  the  load- 
ftone, the  magnetic  matter  will  begin  to  flow  through 
the  two  bars  by  means  of  the  two  pieces  of  iron  • 
Afterwards,  by  repeated  circuitous  applications  of 
the  loadftone  to  the  bars,  a  greater  quantity  of  pores 
will  be  arranged  in  them  conformably  to  jnagnetifm, 
and  more  magnetic  canals  will  be  opened,  by  which 
the  vortex  will  be  more  and  more  ftrengthened, 
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without  undergoing  any  diminution.  If  the  bars 
are  thick,  it  would  be  proper  to  turn  and  rub  them, 
in  the  fame  manner,  on  the  other  furfaces,  in  order 
that  the  magnetic  addon  may  penetrate-  them  tho- 
roughly. 

Having  obtained  thefe  magnetic  bars  M  M,  N  N, 
(plate  IV.  Jig*,  6.)  they  may  be  employed,  in  place  of 
the  natural  loadftone,  for  magnetizing  others.  They 
are  joined  together  a-top,  fo  that  the  two  friendly 
poles  a  b  may  touch  each  other ;  and  the  other  two 
poles  below,  b  and  ^,  are  feparated  as  far  as  it  is 
thought  proper.  Then  we  rub  with  the  two  under 
extremities,  which  fupply  the  place  of  the  two  poles 
of  a  loadflone,  two  other  bars  E  F  in  the  maimer 
which  I  have  above  explained. 

As  thefe  two  bars  are  joined  in  the  form  of  com- 
paffes,  we  have  the  advantage  of  opening  the  lower 
extremities  as  much  or  as  little  as  we  pleafe,  which 
cannot  be  done  with  a  loadftone ;  and  the  niagnetic 
current  will  eafily  pafs  a-top,  where  the  bars  touch 
each  other,  from  the  one  to  the  other.  A  finall 
piece  of  foft  iron  P  might  likewife  be  applied  there, 
the  better  to  keeip  up  the  current :  and  in  this  man- 
ner you  may  ealily  and  fpcedily  magnetize  as  many 
double  bars  as  you  pleafe. 
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The  Method  of  communicating  to  Bars  o^  Steel  a  very 
great  Magnetic  Force ^•by  Means  of  other  Uars  which 
have  it  in  a  very  inferior  Degree. 

'THHOUGH  this  method  of  magnetizing  by  the 
-*•  double  touch  be' preferable  to  the  preceding,  the 
magnetic  power,  however,  cannot  be  carried  beyond 
a  certain  degree.  Whether  we  employ  a  natural 
loadflone,  or  two  magnetic  bars  for  rubbing  other 
bars,  thefe  laft  will  never  acquire  fo  much  force  as 
the  firft ;  it  being  impoflible  that  the  efFeft  fliould  be 
greatdr  than  the  caufe. 

If  the  bars  with  which  we  rub  have  little  force, 
thofe  which  are  rubbed  will  have  ftill  lefs :  the  rea- 
fon  is  evident ;  for  as  bars  deftitute  of  magnetic  force 
never  could  produce  it  in  others,  fo.  a  moderate  de- 
gree of  force  is  incapable  of  producing  one  greater 
than  itfelf,  at  leaft  by  the  method  which  I  have  been 
defcribing. 

But  this  rule  is  not  to  be  taken  in  the  ftrift  inter- 
pretation  of  the  words,  as  if  it  were  literally  impof- 
fible  to  produce  a  greater  magnetic  force  by  the 
afliftance  of  a  fmaller.  1  am  going  to  point  but  a 
method  by  which  the  magnetic  power  may  be  in- 
creafed  almoft  as  far  as  you  pleafe,  beginning  with 
the  fmalleft  degree  poffible.  This  is  a  late  difcovery, 
which  merits  fo  much  the  more  attention  that  it 
throws  much  light  on  a  very  difficult  fubjed,  the 
nature  of  magnetifm. 

Suppofing 
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Suppofing  me  poffeffed  of  a  very  feeble  loadftone, 
or,  for  M'^ant  of  a  natural  magnet,  of  bars  of  iron  ren- 
dered  fomewhat  magnetic,  merely  by  the  vortex  of 
the  earth,  as  I  explained  it  in  a  preceding  Idtter,  I 
then  provide  myfelf  with  eight  bars  of  fteel  very 
■  fmall  and  not  hardened,  in  order  the  more  eafily  to 
receive  the  fmall  degree  of  magnetic  poWer  which 
the  feeble  loadftone,  or  flightly  magnetized  bars,  are 
capable  of  communicating,  by  rubbing  each  pair  or 
couple  in  the  manner  I  formerly  defcribed.  Having 
then  eight  bars,  magnetic  but  in  a  very  fmall  degree, 
I  take  two  pair,  which  I  join  together  in  the  manner 
reprefented,  plate  IV.  Jig.  7. 

By  uniting  the  two  bars  by  the  poles  of  the  fame 
name,  I  form  but  one  of  double  the  thickriefe,  and ' 
with  which  I  form  the  compafs  A  C  and  B  D  j  the 
better  to  keep  up  the  magnetic  current,  a  piece  of 
foft  iron  P  may  be  applied  at  the  top  C  D.     The  legs 
of  the  compafs  may  be  feparated  as  far  as  is  judged 
proper,  and  I  rub  with  them,  one  after  the  other, 
the  remaining  bars,  which  will  thereby  acquire  more 
power  than  they  had  before,  becaufe  the  powers  of 
the  firft  are  now  united.     I  I\ave  now  only  to  join 
thefe  two  pair  newly  rubbed,  in  the  fame  manner, 
and  by\iibbing  with  them  one  after  the  other,  the 
two  pair  firft  employed,  and  the  power  of  thefe  will 
be.  confiderably  increafed.     I  afterwards  join  thefe 
two  pair  together,  and  go  on  rubbing  others  in  order 
to  augment  their  magnetic  force,  smd  ftill  two  pair 
with  two  pair  alternately;    and  by  repeating  this 
operation  the  magnetic  power  may  be  carried  to  fuch 
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a  degree,  as  to  become  infufceptible  of  farther  in- 
icreafe,  even  by  continuing  the  operation.  When 
we  have  more  than  four  pair  of  fuch  bars,  inftead  of 
two  pair,  three  may  be  joined  together  for  the  pur* 
pofe  of  rubbing  others ;  they  will  thereby  be  fooner 
carried  to  the  higheft  degree  pofiible. 

The  greatcft  obftacles  are,  therefore,  furmountcd, 
and,  by  means  of  jTuch  bars  joined  together  by  two 
pr  more  pairs,  we  may  rub  others  of  fteel  properly 
hardened,  and  which  may  be  cither  of  the  fame  fize, 
or  ftill  greater  than  the  firft,  to  which  the  greateft 
power,  of  which  they  are  fufceptible  may  be  thus 
communicated. 

Beginning  with  fmall  bars  fuch  as  I  have  defcribed, 
thefe  operations  may  be  fucceflively  applied  to  bars 
of  an  enormous  fize,  and  made  of  the  hardeft  fteel, 
which  is  lefs  liable  to  lofe  the  magnetic  power.  Only 
it  is  to  be  obferved,  that  for  the  purpofe  of  rubbing 
large  bars,  feveral  pairs  ought  to  be  joined  together, 
wliofe  united  weight  fliould  be  at  leaft  double  that  of 
the  large  one.  But  it  would  always  be  better  to 
proceed  by  degrees,  and  to  rub  each  fpecies  of  bars 
with  bars  not  much  fmaUer  than  themfelves,  or  it  may 
be  fuflicient  to  join  at  moft  two  pair  :  for  when  we 
are  obliged  to  join  more  than  two  pair,  the  extremi- 
ties with  which  the  friction  is  performed  will  extend 
too  far,  and  the  magnetic  matter,  which  paffes  that 
way,  will  itfelf  prevent  it's  being  direfted  conformably 
to  the  direftion  of  the  bar  that  is  rubbed ;  and  the 
rather,  that  it  enters  the  bar  perpendicularly,  whereas 
it  neceiTarily  ihould  take  a  horizontal  diredion. 

In 
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In  order  to  facilitate  this,  change  of  direftion,  it  is 
proper  that  the  magnetic  matter  fliould  be  led  to  it 
in  a  fmall  fpace,  and  in  a  direftion  already  approach- 
ing to  that  which  it  ought  to  take  within  the  bar 
which  we  are  going  to  rub.  The  following  method, 
I  think,  might  be  efFeftual  for  this  purpofe. 

Plate  IV.  Jig.  8.  reprefents  five  pair  of  bars  M  M, 
N  N,  joined  together,  but  not  in  the  form  of  a  com- 
pafs.     There  is  at  top  a  bar  of  foft  iron  C  D,  to  keep 
up  the  vortex  j  below,  I  do  not  rub  immediately 
with  the  extremities  of  the  bars,  but  I  cafe  thefe  ex- 
tremities on  each  fide  in  a  foot  of  foft  iron,  faftening 
them  to  it  with  fcrews  marked  O,     Each  foot  is  bent 
at  A  and  B,  fo  that  the  diredion  of  the  magnetic 
matter,  which  freely  pervades  thefe  feet,  already  has 
a  confiderable  approximation  to  the  horizontal,  fo 
that  in  the  bar  to  be  rubbed  E  F  it  has  no  need 
greatly  to  change  it*s  diredion.     I  have  no  doubt 
that,  by  m.eans  of  thefe  feet,  the  bar  E  F  will  receive 
a  much  greater  magnetic  power,  than  if  we  rubbed 
immediately  by  the  extremities  of  the  bars,  the  depth 
of  whofe  vertical  direftion  naturally  oppofes  the  for- 
mation of  horizontal  magnetic  canals  in  the  bar  E  F. 
It  is  likewife  poflible,  in  praftifing  this  method,  to 
contrad  or  extend  the  diftance  of  the  feet  A  and  B, 
at  pleafure. 

I  muft  farther  obferve,  that  when  thefe  bars  lofc, 
in  time,  their  magnetic  power,  it  is  eafily  reftored  by 
the  fame  operation. 

ij}  December^  1761. 
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LETTER    LXXI. 

Conjiritclion  of  ariificial  Magnets  in  Form  of  a  tiorfe  Shoe* 

WHOEVER  wifhes  to  make  experiments  on 
the  properties  of  the  loadftone,  ought  to  l)Q 
provided  with  a  great  number  of  magnetic  bars, 
from  a  very  fmall,  up  to  a  very  large  fize.  Each 
may  be  confidered  as  a  particular  magnet,  having  it*s 
two  poles,  the  one  north  and  the  other  fouth. 

You  muft  have  confidered  it  as  extremely  remark- 
able, that  by  the  interpofition  of  the  magnetic  power, 
the  feebleft  which  can  be  fuppiied  by  a  wretched  na- 
tural loadftone,  or  by  a  pair  of  tongs  in  the  chimney 
corner,  which  have  acquired  by  lengtl\  of  time  a 
fmall  portion  of  magnetifm,  we  fliould  be  enabled  to 
increafe  that  power  to  fuch  a  degree,  as  to  commu- 
nicate to  the  largeft  bars  of  fteel,  the  higheft  degree 
of  magnetic  force  of  which  they  are  fufceptible*     It 
would  be  needlefs  to  add  that,  by  this  method,  we 
are  enabled  to  conftruft  the  beft  magnetic  needles, 
not  only  much  larger  than  the  common,  but  made 
of  a  fteel  hardened  to  the  higheft  degree,  which  ren- 
ders them  more  durable.     I  have  only  a  few  words 
to  add  on  the  conftruclion  of  artificial  magnets,  which 
have  ufually  the  form  of  a  horfe-flioe,  as  you  mull 
no  doubt  have  feen. 

Thefe  artificial  magnets  anfwer  the  fame  purpofes, 
on  every  occafion,as  the  natural,  with  this  advantage 
in  their  favour,  that  we  can  have  them  much  more 

powerful, . 
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powerful,  by  giving  them  a  fufficient  ^agnitudtf* 
They  are  made  of  well-tempered  fteel,  and  the  figure 
of  a  horfe-flioe  feems  the  moft  proper  for  keeping  up 
the  vortex.  When  tlie  mechanic  has  finifhed  his 
work,  we  communicate  to  it  the  greateft  degree  of 
magnetic  power  of  which  it  is  fufceptible,  by  means 
o£  the  magnetic  bars  of  which  I  have  given  a  defcrip- 
tion.  It  is  evident  that  the  greater  tliis  magnet  is, 
the  larger  muft  be  the  bars  we  employ ;  and  this  is 
the  reafon  why  we  fhould  be  provided  with  bars  of 
all  fizes. 

In  order  to  magnetize  a  hprfe-flioe  H I G,  {plate 
IV.  Jig.  9.)  which  ought  to  be  of  fteel  well  tempered, 
wc  place  on  the  table  a  pair  of  magnetic  bars  A  C 
and  BD,  with  their  fupporters  of  foft  iron  applied  oh 
both  fides,  but  of  which  the  figure  reprefents  only 
one  E  F,  the  other  having  been  removed 'to  make 
way  gradually  for  the  application  of  the  feet  of  the 
horfe-fhoe,  as  you  fee.  In  this  fl:ate,  the  magnetic 
matter,  which  pervades  the  bars,  will  make  fl:rong 
efforts  to  pafs  through  the  horfe-lhoe,  the  poles  of  the^ 
bars  being  adapted  magnetically  to  thofe  of  the  horfe- 
fhoe ;  but  confidering  the  hardnefs  of  tempered  fteel, 
it  will  not  be  fufficient  to  arrange  the  pores  and  open 
for  itfelf  a  paflage.  The  fame  means,  therefore,  muft 
be  employed  to  this  effed,  which  wcte  prefcribed  for 
the  magnetizing  of  bars.  We  take  a  compafs  formed 
of  another  pair  of  magnetic  bars,  and  rub  them  in 
the  fame  manner  over  the  horfe-flioe ;  magnetic 
canals  will  thereby  be  opened,  and  the  fubtile  matter 
^  the  bars,  by  pervading  it,  will  form  the  vortex  of 

that 
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that  fluid.-  Particular  care  muft  be  taken,  in  this 
operalion,  that  the  legs  of  the  compafs,  in  pafling 
over  the  horfe-flioe,  do  not  touch  the  extremities  A 
and  B  of  the  bars  ;  for  this  would  difturb  the  current 
of  the  magnetic  matter,  which  would  pafs  immedi- 
ately from  the  bars-into  the  legs  of  the  compafe ;  or, 
the  vortices  of  the  bars  and  of  the  compais  would 
mutually  derange  each  other.. 

The  horfe-lhoe  will  thereby  acquire  very  great 
pow^er,  being  pervaded  by  an  impetuous  magnetic 
current.  All  that  remains  to  be  done,  is  to  detach 
the  bars,  without  deranging  the  current.  If  they  are 
feparated  violently,  the  magnetic  vortex  will  be  de- 
firoyed,  and  the  artificial  magnet  will  retain  very 
Kttle  power. 

The  canals  being  kept  up  no  longer  than  the  mag- 
netic .mitter  pervades  them,  it  muft  be  concluded, 
that  the  particles  which  form  thefe  canals  are  in  a 
forced  ftate,  and  that  this  ftate  fubfifts  only  while  the 
vortex  ads ;  and  that  as  foon  as  it  ceafeS,  thefe  par- 
ticles, by  their  elafticity,  will  deviate  from  their  forced 
fituation,  and  the  magnetic  canals  will  be  interrupted 
and  deftroyed.  This  we  clearly  fee  in  the  cafe  of 
foft  iron,  whofe  pores  are  quickly  arranged,  on  the 
approach  of  a  magnetic  vortex,  but  retain  fcarcely  any 
magnetic  power,  when  removed  out  of  the  vortex,. 
This  proves  that  the  pores  of  iron  are  moveable,  but 
endowed  with  an  elafticity  which  changes  their  fitua- 
tion, as  foon  as  force  ceafes.  It  requires  length  of 
time  to  fix  certain  pores  in  the  pofition  impreffed  on 
them  by  the  magnetic  force^  which  takes  place  chiefly 
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in  bars  of  iron  long  expofed  to  the  vortex  of  the  earth. 
The  pores  of  fteel  are  much  lefs  flexible,  and  better 
fupjport  the  (Ute  into  which  they  have  been  forced  y 
Ithey  are,  however,  liable  to  fome  derangement,  as* 
foon  as  force  ceafes  to  ad  on  them,  but  this  derange- 
ment is  lefs  in  proportion  to  the  hardnefs  of  the  fteel. 
For  this  reafouj  artificial  magnets  ought  to  be  made 
of  the  hardeft  fteel :  were  they  to  be  made  of  iron, 
they  would  immediately  acquire,  on  being  applied  to 
magnetic  bars,  a  very  great  degree  of  power ;  but 
the  moment  you  detach  them,  all  that  power  would 
dilappear.     Great  precaution  muft,  therefore,  be  em- 
ployed, in  feparating  from  the  bars  magnets  com- 
pofed  of  well-tempered  fteel.     For  this  purpofe,  be- 
fore the  feparation,you  prefs  the  fupporter,  which  is 
of  very  foft  iron,  in  the  direction  of  the  line  M  N, 
(plate  IV.Jig.  10.)  taking  particular  care  not  to  touch 
the  bars  wdth  it,  for- this  would  mar  the  whole  pro- 
cefs,  and  oblige  you  to  repeat  the  operation.     On  the 
application  of  the  fupporter,  a  confiderable  portion  of 
the  magnetic  matter  which  is  circulating  in  the  mag* 
net  G  H  I,  will  makb  its  way  through  the  fupporter, 
and  form  a  feparate  vortex,  which  will  continue  after 
the  maornet  is  detached  from  the  bars. 

Afterwards  you  prefs  the  fupporter  flowly  forward 
over  the  legs  of  the  magnet  to  the  extremities,  as  rc- 
prefcnted  in  the  figure,  and  in  this  ftate  permit  it  to 
reft  for  fome  time,  that  the  vortex  may  be  allowed 
to  fettle.  The  fupporter  is  likewife  furniflied  with  a 
weight  P,  which  may  be  increafcd  ev^ry  day  j  it  being 

always 
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always  underftood,  that  the  fupporter  is  to  be  fo 
perfecUy  adjufted  to  the  feet  of  the  magnet,  as  to 
touch  them  in  all  points,   *  ^> 

yb  December y  i76i, 

LETTER    LXXL 

OnJDioptricks;  h\flruments  ixjhich  that  Science /applies : 
of  Tclef copes  and  Microf copes.  Different  Figures  given 
to  Glajfes  or  Lenfcs^ 

THE  wonders  of  dioptricks  will  now,  I  think, 
furnifh  a  fubjeft  worthy  of  your  attention. 
This  fcience  provides  ujs  with  two  kinds  of  inftru- 
ments  compofed  of  ghifs,  which  ferve  to  extend  our 
Iphcre  of  vifion,  by  difcovering  objcfts  which  would 
cfcape  the  naked  eye. 

There  are  two  cafes  in  which  the  eye  needs  aifift- 
ance :  the  firft  is,  when  objecb  are  too  diftant  to  ad- 
mit of  our  feeing  them'diftinftly  j  fuch  are  the  hea- 
venly bodies,  refpecting  which  the'  moft  important 
difcoveries  have  been  made  by  means  of  dioptrical 
inftruments.  You  will  pleafe  to  recollect  what  I 
have  faid,  concerning  the  fatellites  of  Jupiter,  which 
affift  us  in  the  difcovery  of  the  longitude :  they  are 
vifible  only  with  the  aid  of  good  telefcopes,  arid  thofe 
of  Saturn  require  telefcopes  of  a  ftill  better  conftruc- 
tion. 

There  are,  befides,  on  the  furface  of  the  earth  ob» 
jefts  v^ry  diftant,  which  it  is  impoflible  for  us  to  fee, 

and 
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and  to  examine  In  detail,  without  the  alfiftance  of 
telefcopes,  which  reprefciit  them  to  us  in  the  fame 
manner,  as  if  they  wcyq  near,  Thcfe  dioptrical 
glaffes  or  inftrumcnts,  for  viewing  diftant  bodie3, 4rc 
denominated  by  the  term  we  have  akcady  employed^ 
tele/copes  or  pcrfpeclives. 

The  other  cafe,  in  which  the  eye  needs  affiftance, 
is  when  the  objcci:,  though  fufficiently  near,  is  too 
iinall  to  admit  of  a  diitinct  examination  of  it's  parts. 
If  we  wifhed,  for  example,  to  difcover  all  the  parts 
of  the  leg  of  a  fly,  or  of  any  infect  flill  fmallcr :  if 
we  were  difpofcd  to  examine  the  minuter  particles 
of  the  human  body,  fuch  as  the  fmalleft  fibres  of  the 
mufcles,  of  the  nerves,  it  would  be  impoflible  to  fuo- 
ceed  without  the  help  of  certain  inftruments  called 
viicrofcopes^  which  reprefent  fmall  objects  in  the  fame 
planner  as  if  they  were  a  hundred  or  a  thoufand 
times  greater,  » 

Here  then  are  two  kinds  of  inftruments,  telefcopea 
and  microfcopes,  furnifhed  by  dioptpicks  for  ailifting 
the  weaknefs  of  our  fight,  A  few  ages  only  have 
elapfed  fince  thefe  inftruments  were  invented ;  and 
from  the  era  of  that  invention  muft  be  dated  the 
jnoft  important  difcoveries  in  aftronomy,  by  mean* 
of  the  telefcope,  and  in  pliyfics  by  the  microfcope. 

Thefe  wonderful  effects  are  produced  merely  by 
the  figure  given  to  bits  of  glafs,  and  the  happy  com- 
bination of  two  or  more  glaffes,  which  we  denomi- 
nate lenfes.  Dioptricks  is  the  fciencc  that  unfolds  the 
principles  on  which^ch  inftruments  arc  conftruded, 
^pd  the  ufes  to  which  they  arc  applied,  and  you  will 

pleafc 
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pleafe  to  recoUeft  that  it  turns  chiefly  on  the  direc- 
tion which  rays  of  light  take  on  paffing  through 
tranfparent  mediums  of  a  different  quality ;  on  pafl- 
ing,  for  example,  from  air  into  glafs  or  water,  and 
reciprocally  from  glafs  or  water  into  air. 

As  long  as  the  rays  arc  propagated  through  the 
lame  medium,  fay  air,  they  preferve  the  fame  di- 
reftion,  in  the  flraight  lines  LA,  LB,  LC,  LD, 
(^plate  IV.  Jig.  2.)  drawn  from  the  luminous  point  L, 
whence  thefe  rays  proceed,  and  when  they  any  where 
meet  an  eye,  as  at  fea,  they  enter  into  it,  and  there 
paint  an  image  of  the  objeft  from  which  they  pro- 
,  ceeded.  In  this  cafe  the  viffon  is  denominated  fimple, 
or  natural }  and  reprefents  to  us  the  objects  as  they 
really  are.  The  fcience^  which  explains  to  us  the 
principles  of  this  vilion,  is  termed  optics. 

But  when  the  rays,  before  they  enter  into  the  eye, 
are  reflected  on  a  finely  poliflied  furface,  fuch  as  a 
mirror,  the  vifion  is  no  longer  natural ;  as  in  this 
cafe  we  fee  the  objefts  differently,  and  in  a  different 
place,  from  what  they  really  are.  The  fcience  which 
explains  the  phenomena  prefented  ,to  us  by  this  vi- 
fion from  reflefted  rays,  is  termed  catopiricks.  It  too 
fupplies  us  with  inftrumcnts  calculated  to  extend  the 
fphere  of  our  vifion,  and  you  are  acquainted  with 
fuch  forts  of  infliruments,  which,  by  means  of  one 
or  two  mirrors,  render  us  the  fame  fetvices  as  thofe 
eonftrucled  with  lenfes.  Thefe  are  what  we  properly- 
denominate  telefcopes :  but  in  order  to  diftinguifli 
them  from  the  common  perfpedives,  which  are  com- 
poftd  only  of  glaffes,  it  would  bq  better  to  call  them 

catoptricl; 
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catoptrick  reflecting  telefcopes.  This  mode  of  ex- 
preflion  would  at  leaft  be  more  accurate ;  for  the 
word  telefcope  was  in  ufe  before  the  difcovery  of  re- 
flecting inflxuments,  and  then  meant  the  (ame  thing 
with  perfpeftive. 

I  propofe,  at  prefent,  to  confine  myfelf  entirely 
to  dioptrical  inftruments,  of  which  we  have  two 
forts,  telefcopes  or  perfpeftives,  and  microfcopes. 
In  the  coiifl:ruftion  of  both  we  employ  glafles  formed 
after  different  manners,  the  various  forts  of  which 
I  am  going  to  explain.  They  are  principally  three, 
according  to  the  figure  given  to  the  furface  of  the 
glafs. 

The  firfl:  is  the  plane^  when  the  furface  of  a  glafs  is 
plane  on  both  fides,  as  that  of  a  common  mirror.  If 
you  were  to  take,  for  example,  a  piece  of  looking- 
glafs,  and  to  feparate  frpm  it  the  quick-filver  which 
adheres  to  it's  farther  furface,  you  would  have  a  glafs 
both  of  whofe  furfaces  are  plane^  and  of  the  fame 
thicknefs  throughout. 

The  fecond  is  the  convex :  a  glafs  of  tliis  denomi- 
nation is  more  raifed  in  the  middle  than  toward  the 
edge. 

The  third  is  the  concave :  fuch  a  glafs  is  hollow 
toward  the  middle,  and  rifes  toward  the  edge. 

Of  thefe  three  different  figures,  which  may  be 
given  to  the  furface  of  a  gllis,  are  produced  the  fix 
fpecies  of  glaffes  reprefented  in  Jig.  1 2. 

I.  The  piano-plane  glafs ,  has  both  it's  furfaces 
plane. 
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II.  The  plano-convex  glafs  has  one  furface  plane  and 
the  other  convex. 

IIL  The  plano-concave  has  one  furface  plane  and 
the  other  concave. 

IV.  The  convexo-convex^  or  double  convex^  has  both 
furfaces  convex. 

V.  The  convexo-concave y  or  menifcus^  has  one  for- 
face  convex  and  the  other  concave. 

VL  Finally,  the  concavo-concave^  or  double  concave^ 
has  both  furfaces  concave. 

It  is  proper  to  remark  that  the  figure  tcprefents 
the  cut  of  thefe  glaffes  or  lenfes,^- 

LETTER   LXXIIL 

Difference  ofLenfes  with  refpeSl  to  the  Curve  of  their 
Surfaces.    Di/iribution  of  Lenfes  into  Three  Claffes. 

FROM  what  I  have  faid  refpectihg  the  convest 
and  concave  furfaces  of  lenfes,  you  will  eafily 
comprehend  that  their  form  may  be  varied  without 
end,  according  as  the  convexity  and  concavity  arc 
greater  or  lefs.  There  is  only  one  fpecies  of  plane 
furfaces ;  becaufe  a  furface  can  be  plane  in  one  man- 
ner only ;  but  a  convex  furface  may  be  confidered 
as  making  part  of  a  fphere,  and,  according  as  the 
radius  or  diameter  of  that  fphere  is  greater  or  lefs, 
the  convexity  will  differ;  and  as  we  reprefent  lenfes 
on  paper  by  fegments  of  a  circle,  according  as  thefe 
circles  are  greater  or  lefs,  the  form  of  lenfes  muft  be 
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infinite  with  refpecl  both  to  the  convexity  and  con- 
cavity of  their  furfaces. 

As  to  the  manntr  of  forming  and  polifliing  glaflfc, 
all  poffiblc  care  is  taken  to  render  their  figure  ex- 
aftly  circular  or '  fpherical ;  for  this  purpofe  we  em- 
ploy bafons  of  metal  formed  by  the  turning  ma- 
chine, on  a  fpherical  furface,  both  inwardly  and 
outwardly. 

Let  AEBDFC  {plate  IV.  fg.  13.)  be  the  form 
of  fuch  a  bafon,  which  fliall  have  two  furfaces  AEB 
and  CFD,  each  of  which  may  have  it*s  feparate  ra- 
dius ;  when  a  piege  of  glafs  is  rubbed  on  the  concave 
fide  of  the  bafon  AEB,  it  will  become  convex ;  but 
if  it  is  rubbed  on  the  convex  fide  CFD,  it  will  be- 
come concave.  Sand  is,  at  firfl:,  ufed  in  rubbing 
the  glafs  on  the  bafon,  till  it  has  acquired  the  form, 
and  after  that,  a  fine  /pecies  of  earth,  to  give  it  the 
lafl:  polifli. 

In  order  to  know  the  real  figure  of  the  furfaces 
of  a  lens,  you  have  only  to  meafure  the  radius  of  the 
furface  of  the  bafon,  on  which  that  lens  was  formed  ; 
for  the  true  meafure  of  the  convexity  and  concavity 
of  furfaces,  is  the  radius  of  the  circle  or  fphere  which 
correfponds  to  them,  and  of  which  they  make  a  part. 

Thus,  when  it  is  faid,  that  the  radius  of  the  con- 
vex furface  AEB  {plate  V.  Jig.  i.)  is  three  inches, 
the  meaning  is,  that  AEB  is  an  arch  of  a  circle  de- 
fcribed  with  a  radius  of  three  inches,  the  other  fur- 
face AB  being  plane. 

That  I  may  convey  a  ftill  clearer  idea  of  the  dif- 
ference of  convexities,  when  their  radii  are  greater 

U  2  or 
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or  lefs,  I  fliall  here  prefent  yoxi  with  Several  figures 

of  different  convexity;  (fee  plate  V.  fig^  i.) 

From  this  you  fee,  that  the  fmailcr  the  radius  is^ 
the  greater  is  the  curve  of  the  furface,  or  the  greater 
it*s.  difference  from  the  plane  ;  on  the  contrary,  the 
greater  the  radius  is,  the  more  the  furfiaice  approaches 
to  a  plane,  or  the  arch- of  the  circle  to  a  fti-aight  line. 
If  the  radius  were  made  ftill  greater,  the  curve  would 
at  length  become  hardly  perceptible.     You  fcai^ly 
perceive  it  in  the  arch  MN,  (Jig.  a.)  the  radius  erf 
which  is  fix  inches^  or  half  a  foot ;  and  if  the  racUus 
tirere  ftill  extended  ta  ten  or  a  hundred  times  the 
Inagnitude,  the  curve  would  become  altogether  im- 
perceptible to  the  eye- 
But  this  is  by  no  means  the  cafe  as  to  dibptricks ;. 
and  I  ftiall  afterwaVds  demonftrate,  that  though  the 
iradius  were  a  hundred  or  a  thoufand  feet,  and  the 
curve  of  the  lens  abfolutely  imperceptible,  the  eiFeft 
would  neverthelefs  be  abundantly  apparent.     The 
tadius  muft  indeed  be  inconceivably  great,  to  pro- 
duce  a  furface  perfedly  plane :.  from  which  you  may 
conclude,,  that  a  plane  furface  might  be  confidered 
as  a  convex  furface  whofe  radius  is  infinitely  great,, 
or  as  a  concave  of  a  radius  infinitely  great.     Hete  it 
is  that  convexity  and  concavity  are  confoundecl,  fo' 
that  the  plane  furface  is  the  medium  which  feparateS^ 
convexity  from  concavity.     But  the  fmallet*  the  ra- 
dii are,  the  greater  and  more  perceptible  do  the  con- 
vexities and  concavities  become ;  and  hence,  we  fay 
reciprocally,  that  a  convexity  or  toncavity  is  greater 

ifiL 
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in  proportion  as  it's  radiiis,  which  is  the  meafure  of 
it,  is  finallen 

However  great,  in  other  refpefts,  may  be  the  va- 
riety we  meet  with  in  lenfes  or  glaffes,  according  as 
their  fiirfaces  are  plane,  convex,  or  concave,  and 
this  in  an  infinity  of  4iflferent  manners ;  neverthe- 
lefs,  with  refped:  to  the  eflFed  refulting  from  them  in 
dioptricks,  they  may  be  reduced  to  the  three  foUowi* 
ing  claffes : 

The  firft  comprehends  glaffes  which  are  every 
where  of  an  equal  thicknefs  j  whether  their  two  fur- 
faces  be  plane  and  parallel  to  each  other,  (/^.  3.)  or 
the  one  convex  and  the  other  concave,  but  con^ 
centric,  or  defcribed  round  the  fame  centre  (Jig.  4.) 
fo  that  the  thicknefs  Ihall  remain  every  where  the 
fame.  It  is  to  be  remarked  refpefting  glaffes  of  this 
clafs,  that  they  produce  no  change  in  the  appearance 
of  the  objefts  which  we  view  through  them ;  the 
objeds  appear  exactly  tlje  fame  as  if  nothing  inter- 
pofed ;  accordingly,  they  are  of  no  manner  of  ufe 
in  dioptricks.  This  is  not  becaufe  the  rays  which 
enter  into  thefe  glaffes  undergo  no  refradlion,  but 
becaufe  the  refraction  at 'the  entrance  is  perfectly 
ftraightened  on  going  off,  fo  that  the  rays,  after 
having  paffed  through  the  glafs,  refume  the  fame  di- 
reftion  which  they  had  pAirfued  before  tliey  reached 
it.  Glaffes,  therefore,  of  the  other  two  claffes,  oh 
account  of  the  effect  which  tbey  produce,  conftitute 
the  principal  object  of  dioptricks. 

The  fecond  clai's  of  lenfes  contains'  thofe  which  are 
thicker  at  the  middle  than  at  the  edge,  (^fig.  5.) 

U  3  Their 
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Their  cffeft  is  the  fame,  as  long  as  the  excefs  of 
the  thicknefs  of  the  middle  over  that  of  the  edge  has 
the  fame  relation  to  the  magnitude  of  the  lens.  All 
lenfes  of  this  clafs  are  commonly  denominated  coifvex^ 
as  convexity  predominates,  though  otherways  one 
of  their  fur  faces  may  be  plain,  and  even  concave. 

The  third  clafe  contains  all  thofe  lenfes  which  are 
thicker  at  the  edge  than  in  the  middle  (plate  V.Jig.  6.  J 
which  all  produce  a  fimilar  effeft,  depending  on  the 
cxcefs  of  thicknefs  toward  the  edge,  over  that  in  the 
middle.  As  concavity  prevails  in  all  fuch  lenfes, 
they  are  fimply  denominated  concave.  They  muft 
be  carefully  diftinguifhed  from  thofe  of  the  fecond 
clafs,  which  are  the  convex. 

Lenfes  of  thefe  two  laft  claffes  are  to  be  the  fubjeft 
of  my  following  letters,  in  which  I  fliall  endeavour 
to  explain  their  effects  in  dioptricks, 

12/^  December y  1 76 1 . 
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Effed  of  Convex  Lenfes. 

TN  order  to  explain  the  effect  produced  by  both 
^  convex  and  concave  lenfes,  in  the  appearance  of 
objefts,  two  cafes  muft  be  diftinguifhed,  the  one 
when  the  object  is  very  far  diftant  from  the  lens,  and 
the  other  when  it  is  nearer, 

But  before  I  enter  on  the  explanation  of  this,  I 
muft  fay  a  few  words  on  what  is  called  the  axis  of 
the  lens,     As  the  tv/o  furfaces  are  reprefented  by 

fcgments 
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fegments  of  a  circle,  you  have  only  to  draw  a  ftraight 
line  through  the  centres  qf  the  two  circles ;  this  line 
is  named  the  axis  of  the  lens.  In  Jig.  7.  plate  V.  the 
centre  of  the  arch  A  E  B  being  at  C,  and  that  of  the 
arch  A  F  B  at  D,  the  ftraight  line  C  D  is  denomi^ 
nated  the  axis  of  the  lens  A  B,  and  it  is  eafy  to  fee 
that  this  axis  paffes  through  the  middle  of  it.  The 
fame  thing  would  apply,  if  the  furfaces  of  the  lens 
were  concave.  But,  if  one  is  plane,  the  axis  will  be 
perpendicular  to  it,  palling  through  the  centre  of  the 
other  furface. 

Hence  it  is  obvious,  that .  the  axis  paffes  through 
the  two  furfaces  perpendicularly,  and  that  accord- 
ingly, a  ray  of  light  coming  in  the  direftion  of  the 
axis,  will  fuffer  no  refraftion,  becaufe  rays  palling 
from  one  medium  into  another  are  not  broken  or 
ref rafted,  except  when  they  do  not  enter  in  a  per- 
pendicular  direftion. 

It  m^y  likqwife  be  proved  that  all  other  rays  palling 
through  the  middle  of  the .  lens  O,  undergo  no  re- 
fraction, or  rather  that  they  again  become  parallel  to 
themfelves. 

It  muft  be  confidered,  in  order  to  comprehend  the 
reafon  of  this,  that  at  the  points  E  and  F  the  two 
furfaces  of  the  lens  are  parallel  to  each  other,  for  the 
angle  M  E  B,  which  tlie  ray  M  E  makes  with  the 
arch  of  the  circle  £  B,  or  it's  t<ingent  at  E,  is  per- 
fectly equal  to  the  angle  P  F  A,  which  this  fame  ray 
produced,  F  P,  makes  with  the  arch  of  th,e  circle 
A  F,  or  it's  tangent  at  F ;  you  recoUeok  that  two 

U  4  fuch 
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fuch  angles  are  denominated  alternate,  and  that  it  is 
demonftrated,  when  the  alternate  angles  are  equals 
that  the  ftraight  lines  arc  parallel  to  each  other :  con- 
fequently  the  two  tangents  at  E  and  at  F  will  be  pa- 
parallel)  and  it  will  be  the  fame  thing  as  if  the  ray 
M  E  F  P  paffed  through  a  lens  whofe  two  furfaces 
were  parallel  to  each  other.  Now,  we  have  already 
feen  that  rays  do  not  change  their  direction  in  paf- 
iing  through  fuch  a  lens. 

Having  made  thefe  remarks,  let  us  now  confider 
a  convex  lens  A  B  (plate  V.jig.  8.)  whofe  axis  fhall 
be  the  ftraight  line  O  E  F  P,  and  let  us  fuppofe  that 
there  is  in  this  line,  at  a  great  diftance  from  the  lens, 
an  object  or  luminous  point  O,  which  diffufes  rays 
in  all  direftions ;  fome  of  thefe  will  pafs  through  our 
lens  A  B,  fuch  as  O  M,  O  E,  and  ON;  of  which 
that  in  the  middle  O  E  wjll  undergo  no  refradion, 
but  will  continue  it's  direftion  through  the  lens  itl 
the  fame  produced  ftraight  line  F  I  P.  The  other 
two  rays  O  M  and  O  N,  in  pafling^  through  the  lenis 
toward  the  edge,  will  be  refrafted,  both  at  entering 
and  departing,  lb  that  they  will  fomewhere  meet  the 
axis,  fay  at  I,  and  afterwards  continue  their  progrefs 
in  the  directions  I  Q  and  I  R.  It  might  likewife  be 
demonftrated'that  all  the  rays  which  fall  between  M 
and  N  will  be  refracted,  fo  as  to  meet  with  the  axis 
in  the  fame  point  I.  Therefore  the  rays  which,  had 
no  lens  interpofed,  would  have  purfued  their  recti- 
lineal diredion  O  M  and  O  N,  will,  after  the  refrac* 
tion,  purfue  other  directions,, as  if  they  had  taken 

their 
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their  departure  from  the  point  I ;  and  if  there  were 
an  eye  fomewhere  at  P,  it  would  be  afFeAed  juft  as 
if  the  luminous  point  were  a<9tually  at  I,  though  there 
be  no  reality  in  this.  You  have  only  to  fuppofe  for 
a  moment,  that  there  is  at  I  a  real  objeft,  which,  dif- 
ftifing  it's  rays,  would  be  equally  feen  by  an  eye 
placed  at  P,  as  it  noW  fees  the  objeft  at  O  by  means 
of  the  rays  refracled  by  the  lens,  becaixfe  there  is  at 
I  an  image  of  the  object  O,  and  the  lens  A  B  there 
reprcfents  the  objed  O,  or  tranfports  it  nearly  .to  I. 
The  point  O  is  therefore  no  longer  the  objeft  of 
vifion,  but  rather  it's  image,  rcprefented  at  I ;  for 
this  is  now  it's  immediate  objeft. 

This  kns,  then,  produces  a  very  confiderable 
change :  an  objeft  very  remote  O  is  fuddenly  tranf- 
ported  to  I,  from  which  the  eye  muft  undoubtedly 
receive  a  very  different  impreflion  from  what  it  would 
do,  if,  withdrawing  the  lens,  it  were  to  view  the  ob- 
jeft  O  immediately.  Let  O  be  confidered  as  a  ftar, 
the  point  O  being  fuppofed  extremely  diftant,  the 
lens  will  reprefent  at  I  the  image  of  that  ftar,  but  an 
image  which  it  is  impossiblef  to  touch,  and  which  has 
no  reality,  as  nothing  exifts  at  I,  unlefs  it  be  that  the 
rays  proceeding  from  the  point  O  are  collefted  there 
by  the  refraction  of  the  lens.  Neither  is  it  to  be 
imagined,  that  the  ftar  would  appear  to  us  in  the 
fame  manner  as  if  it  really  exifted  at  I.  How  could 
a  body,  many  thoufands  of  times  bigger  than  the 
earth,  exift  at  a  point  I  ?  Our  fenfes  would  be  very 
dilSferently  ft  ruck  by  it :  We  muft  carefully  remark, 
then,  that  an  image  only  is  reprcfentcd  at  I,  like  that 

of 
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of  a  ftaf  reprcfentcd  in  the  bottom  of  the  eye*,  or 
that  which  we  fee  in  a  mirror,  the  eflfeft  of  which 
has  nothing  to  furprize. 

1  j/^  December^  1 76 1  • 
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The  fame  Subjed  :  Dijiance  of  the  Focus  of  Convex 

Lctfes. 
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T  MEAN  to  employ  this  letter  in  exploring  the  ef- 
A-  feft  produced  by  convex  lenfes,  that  is,  fuch  as 
are  thicker  at  the .  middle  than  at  the  edge.  The 
whole  confifts  in  determining  the  change  which  rays 
undergo  in  their  progrefs,  on  pafling  through  fuch  a 
glafs.  In  order  to  place  this  fubjecl  in  it's  cleareft 
light,  two  cafes  muft  be  carefully  diftinguilhed,  the 
one,  when  the  objeft  is  very  diftant  from  the  lens  ; 
and  the  other  when  it  is  at  no  great  diftance.  I  be- 
gin with  confidering  the  firft  cafe,  that  is,  when  the 
object  is  extremely  remote  from  the  lens, 

In^^.  9.  of  plate  V.  M  N  is  the  convex  lens,  and 
the  ftraight  line  O  A  B I S  it's  axis,  pafling  perpendi- 
cularly through  the  middle.  I  remark,  by  the  way, 
that  this  property  of  the  axis  of  every  lens,  that  of 
pafling  perpendicularly  through  it's  middle,  conveys 
the  juftefl:  idea  of  it  that  we  are  capable  of  forming. 
Let  us  now  conceive  that  on  this  axis  there  is  fome- 
where  at  O  an  objeft  O  P,  which  I  here  reprefcnt  as 
a  fl:raight  line,  whatever  figure  it  may  really  have ; 
and  as  every  point  of  this  object  emits  it's  rays  in  all 
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directions,  we  confine  our  attention  to  thofe  which 
fall  on  the  lens* 

My  remarks  fhall  be  at  prefent  farther  limited  to 
the  rays  iffuing  from  the  point  O,  fituated  in  the 
very  axis  of  the  lens.     The  figure  reprefents  three 
of  thefe  rays,  O  A,  O  M  and  O  N,  the  firft  of  which, 
O  A,  pafling  through  the  middle  of  the  lens,  under- 
goes no  change  of  direction,  but  proceeds,  after  hav- 
ing paffed  through  the  lens,  in  the  fame  ftraight  line 
BIS,  that  is  in  the  axis  of  the  lens ;  but  the  other 
two  rays,  O  M  and  O  N,  undergo  a,  refraftion  both 
on  entering  into  the  glafs,  and  leaving  it,  by  which 
they  are  turned  afide  from  their  firfl:  direction,  fo  as 
to  meet  fomewhere  at  I  with  the  axis,  from  which 
they  will  proceed  in  their  new  direftion,  in  the 
ftraight  lines  M  I  Q  and  N I  R  ;  fo  that  afterwards, 
when  they  fliall  meet  an  eye,  they  will  produce  in  it 
the  fame  effect  as  if  the  point  O  exifted  at  I,  as  they 
preferve  the  fame  direftion.  For  this  reafon,  the  con- 
vex lens  is  faid  to  tranfport  the  objeft  O  to  I ;  but 
in  order  to  diftinguifh  this  point  I  from  the  real  point 
O,  the  former  is  called  the  image  of  the  latter,  which 
in  it's  turn  is  denominated  the  objeft. 

This  point  I  is  very  remarkable,  and  when  the  ob- 
jeft  O  is  extremely  diftant,  the  image  of  it  is  like- 
wife  denominated  the  focus  of  the  lens,  of  which  I 
fhall  explain  the  reafon.     If  the  fun  be  the  objcft  at 

0,  the  rays  which  fall  on  the  lens  are  all  collecled  at 

1,  and  being  endowed  with  the  quality  of  heating,  it 
is  natural  that  the  concourfe  of  fo  many  rays  at  I, 
lliould  produce  a  degree  of  heat,  capable  of  fctting 
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cn  fire  any  combuftible  matter  that  may  be  placed 
there.  Now,  the  place  where  fo  much  heat  is  col- 
lected we  call  the  focus  ;  the  rcafon  of  this  denomi- 
nation with  refpccl  to  convex  lenfes  is  evident. 
Hence,  too,  a  convex  lens  is  denominated  a  burnings 
glafsy  the  eflbcls  of  which  you  are  undoubtedly  well 
acquainted  with.  I  only  remark  that  this  property 
of  coUefting  the  rays  of  the  fun,  in  a  certain  point 
called  their  focus,  is  common  to  all  convex  lenfes ; 
they  likewife  collect  the  rays  of  the  moon,  of  the 
fiars,  and  of  all  very  diftant  bodies ;  though  their 
force  is  too  fmall  to  produce  any  heat,  we  neverthe- 
lefs  employ  the  fame  term,  focus ;  the  focus  of  a 
glais,  accordingly,  is  nothing  elfe  but  the  fpot  where 
the  image  of  very  diftant  objects  is  reprefented :  to 
which  this  condition  muft  ftill  be  added,  that  the  ob- 
ject ought  to  be  fituated  in  the  Very  axis  of  the  lens  ; 
for  if  it  be  out  of  the  axis,  it*s  image  will  likewife 
be  reprefented  out  of  the  axis :  I  fliall  have  occafion 
to  fpeak  of  this  afterward. 

It  may  be  proper,  ftill  farther,  to  fubjoin  the  folr 
lowing  remarks  refpefting  the  focus : 

1.  As  the  point  O,  or  the  object,  is  infinitely  dif- 
tant, the  rays  O  M,  O  A,  and  O  N,  may  be  confi- 
<lered  as  parallel  to  each  other,  and,  for  the  fame 
reafon,  parallel  to  the  axis  of  the  lens. 

2.  Tiie  focus  I,  therefore,  is  the  point  behind  the 
glafs,  where  the  rays  parallel  to  the  axis,  wliich  falls 
on  the  lens,  are  collected  by  the  refraction  of  the 
lens. 

3.  The  focus  of  a  lens,  and  the  fpot  where  the 

image 
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image  of  an  objeft,  infinitely  diftant,  and  fituated  in 
the  axis  of  the  lens,  is  reprefented^  are  the  £mie 
thing.  *  N 

4.  The  diftance  of  the  point  I  behind  the  lens^ 
that  is  the  length  of  the  line  B  I,  is  called  the  dif- 
tance of  the  focus  of  the  lens.  Some  authors  call  it 
the  focal  diftance. 

5.  Every  convex  lens  has  i^*s  particular  diftance  of 
focus,  one  greater^  another  lefs,  which  is  eafily  afcer* 
talned  by  expofing  the  lens  to  the  fun>  andot^erving 
where  the  rays  meet. 

6.  Lenfes  formed  by  arches  of  &ci231  circles,  have 
their  fpcufes  very  near  behind  them  j  but  tho&  whdfe 
&ifac^  are  arches  of  great  circles,  have  more  diftant 
focufes. 

7.  It  is  of  importance  to  know  the  focal  diftaace 
Df  every  convex  lens  employed  in  dioptiicks ;  and  it 
is  fiifficient  to  know  the  focus  in  order  to  form  a  judg- 
ment of  2JI  the  effefts  to  be  expefted  ifirom  it,  whether 
Ml  the  conlirujftion  of  telefcopes  or  microfcopes. 

8.  If  we  emjdoy  lehfes  equally  convex  on  both 
fides,  fo  that  each  furface  fhall  correfpond  to  the 
fame  circle ;  then  the  radius  of  that  circle  gives 
nearly  the  focal  diftance  of  that  lens :  thus,  to  make 
a  burning -glafs  which  fhall  burn  at  the  diftance  of  3l 
foot,  you  have  only  to  form  the  two  furfaces  archesi^ 
of  a  circle  whofe  radius  is  one  foot. 

9.  But  when  tlie  lens  is  plano-convex,  it's  foca£ 
diftance  is  neaidy  equal  to  the  diameter  of  the  circle^ 
which  correfponds.  to  the  coavex  furface. 

Acqjuaintance: 
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Though  thefe  numbers  are  applicable  only  to  a 
lens,  whofe  focal  diftance  is  6  inches,  fome  general 
confcquences  may,  however,  be  deduced  from  them* 

1 .  If  the  diftance  of  the  object  is  infinitely  great, 
the  image  falls  exaftly  in  the  focus. 

2.  If  the  diftance  of  the  objeft  is  double  the  diC-^ 
tance  of  the  focus,  the  diftance  of  the  image  wiU  like- 

» wife  be  double  the  diftance  of  the  focus ;  in  other 
words,  the  objeA  and  the  image  will  be  equally  diilant 
from  the  lens.  In  the  example  above  exhibited,  the 
difbmce  of  the  objed  being  1 2  inches,  that  of  the 
image  is  likewife  1 2  inches. 

3.  When  the  objeft  is  brought  fo  near  the  lens, 
that  the  diftance  is  precifely  equal  to  that  of  the 
focus,  fay  6  inches,  as  in  the  preceding  example,  then 
the  image  retires  to  an  infinite  diftance  behind  the 
lens. 

4.  It  is  likewife  obfervable  in  general,  that  the  dif- 
tance of  the  object  and  that  of  the  image  reciprocally 
correfpond,  or,  if  you  put  the  obje6t  in  the  place  of 
the  image,  it  will  fall  in  the  place  of  the  object. 

5.  If,  therefore,  the  lens  MM  ( plate  V.fg.  11.^ 
collefts  at  I  the  rays  which  iffue  from  the  point  O, 
that  fame  lens  will  likewife  there  collect  rays  iffuing 
from  the  point  I. 

6.  It  is  the  (:onfequence  of  a  great  principle  in  diop- 
tricks,  in  virtue  of  which  it  may  be  maintained,  that 
whatever  are  the  refraftions  which  rays  have  under- 
gone in  paffing  through  feveral  refringent  mediums, 
they  may  always  return  in  the  fame  direftion. 

This  truth  is  of  ni^uch  importance  in  the  know- 

2  ledge 
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ledge  of  lenfes't  thus  when  I  know,  for  example,  that 
a  lens  has  reprefented,  at  the  diftance  of  8  inches,  the 
image  of  an  object  24  inches  diftant,  I  may  confi- 
dently infer,  that  if  the  objeft  were  8  inches  diftant, 
the  fame  lens  would  reprefent  it's  image  at  the  dif- 
tance of  24  inches. 

It  is  ferther  effential  to  remark,  that  when  the  dif- 
tance of  the  objeft  is  equal  to  that  of  the  focus,  the 
image  wiU  fuddenly  retire  to  an  infinite  diftance ; 
which  perfedly  harmonizes  with  the  relation  exifting 
between  the  objeft  and  the  image. 

You  will  no  doubt  be  curious  to  know  in  what 
place  the  image  will  be  reprefented  when  the  objeft 
is  brought  ftill  nearer  to  the  lens,  fo  that  it's  diftance 
fliall  become  lefs  than  that  of  the  focus.     This  quef- 
tion  is  the  more  embarrafling,  that' the  anfw^er  muft 
be,  the  diftance  of  Ae  image  will,  in  this  cafe,  be 
greater  than  infinity,  fince  the  nearer  the  objeft  ap- 
proaches the  lens,  the  farther  does  the  image  retire. 
But  the  image  being  already  infinitely  diftant,  how 
is  it  poilible  that  diftance  ihould  be  increafed  ?  The 
queftion  might  undoubtedly  puzzle  philofophers,  but 
is  of  eafy  folution  to  the  mathematician.     The  image 
will  pafs  from  an  infinite  diftance,  to  the  other  fide 
of  the.  lens,  and  confequently  will  be  on  the  fame  fide 
with  the  objeft.     However  ftrange  this  anfwer  may 
appear,  it  is  confirmed,  not  oiily  by  reafoning,  but 
by  experience,  fo  that  it  is  impofiible  to  doubt  of  it's 
folidity }  to  increafe  beyond  infinity  is  the  feme  thing; 
with  pafling  to  the  other  fide  :  this  is  unquefiionaWy 
a  real  paradox. 

%7J  Dectmheri  1762.1 
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L  E  T  T  E  R     LXXVIL 

Mag?iituJc  of  Images. 

YOU  can  no  longer  doubt  that  every  convex  lens 
muft  rcprefent  fomewhere  the  image  of  an 
object  prcfcnted  to  it ;  and  that,  in  every  cafe,  the 
place  of  the  image  varies  as  much,  according  to  the 
diftancc  of  the  object,  as  according  to  the  focal  dif- 
tance  of  the  lens :  but  a  very  important  article  re- 
mains yet  to  be  explained,  I  mean  the  magnitude  of 
the  image. 

When  fuch  a  lens  reprefents  to  us  the  image  of 
the  fun,  of  the  moon,  or  of  a  ftar,  at  the  diftance  of 
a  foot,  you  are  abundandy  fenfible  that  thefe  images 
muft  be  incomparably  fmallcr  than  the  objefts  them^^ 
fdves.  A  ftar  being  much  grtSiter  than  the  whole 
earth,  how  is  it  poflible  that  an  image  of  fuch  mag- 
nitude iliould  be  reprefented  to  us  at  the  diftance  of 
a  foot  ?  But  the  ftar  appearing  to  us  only  as  a  point, 
the  image,  reprefented  by  the  lens,  likewife  refembles 
a  point,  and,  confbquently,  is  infinitely  fmaller  than 
the  object  itfelf. 

:  There  are  then,  in  every  reprefentation  made  by 
lenfes,  two  things  to  be  confidered ;  the  one  refpe<3:s 
the  pl^ce  where  the  image  is  reprefented,  and  the 
other,  tlic  real  magnitude  of  the  image,  which  may 
be  very  different  from  that  of  the  object.  The  firil 
being  fufficiently  elucidated,  I  proceed  to  furnifti  you 
with  a  very  fimple  rule,  by  which  you  will  be  en- 
abled,  in  every  cafe,  to  determine  what  muft  be  the  ^ 
magnitude  of  the  image  reprefented  by  the  lens. 
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Let  O  P  (plate  VL  Jig.  i  .J  be  any  objeft  whatever, 
fituated  on  the  axis  of  the  convex  lens  M  N ;  we 
niuft  firft  look  for  the  place  of  the  image,  which  is 
at  I,  fo  that  the  point  I  Ihall  be  the  reprefentation  of 
the  extremity  O  of  the  objeft,  as  the  rays  iffuing 
from  the  point  O  are  there  collefted  by  the  refraftion 
of  the  lens.  Let  us  now  fee  in  what  place  will  be  re- 
prefented  the  other  extremity  P  of  the  objeft  j  for 
this  purpofe,  let  us  confider  the  rays  P  M,  P  A,  P  N, 
which,  iffuing  from  the  point  P,  fall  on  the  lens ;  I 
obferve  that  the  ray  P  A,  which  paffes  through  the 
middle  of  the  lens^  does  not  change  it's  direftion, 
but  continues  it's  progrefs  in  the  ftraight  line  A  K  S ; 
it  will  be,  therefore,  fomewhercin  this  line  at  K,  that 
the  other  rays  P  M  and  P  N  will  meet :  in  other 
words,  the  point  K  will  be  the  image  of  the  other 
extremity  P  of  the  objeft,  the  point  I  being  that  of 
the  extremity  O  :  hence  it  is  eafy  to  conclude  that 
I K  will  be  the  image  of  the  objeft  O  P,  reprefented 
by  the  lens. 

In  order  then,  to  determine  the  magnitude  of  this 
image,  having  found  the  place  I,  you  have  only  to 
draw  from  the  extremity  P  of  the  objeft,  through  A, 
the  middle  of  the  lens,  the  ftraight  line  P  A  JC  S,  and 
to  raife  from  I  the  line  I K  perpendicular  to  the  axis, 
and  this  line  I K  will  be  the  image  in  queftion ;  it  is 
evident  from  this  that  the  image  is  reverfed,  fo  that 
if  the  line  OR  were  horizontal,  and  the  objeft  O  P 
a  man,  the  image  would  have  the  head  K  undermoft, 
and  the  feet  I  upward. 

On  this  I  fubjoin  the  following  remarks : 

X  2  1.  The 
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1.  The  nearer  the  image  (^plate  VLfig.  2.)  is  to  the 
lens,  the  fmalleritis;  and,  the  more  remote  it  is, 
the  greater  it's  magnitude.  Thus  OP  being  the  ob- 
jcft  placed  on  the  axis  before  the  lens  M  N,  if  the 

,  image  fell  at  Q  it  would  be  fmaller  than  if  it  fidl  at 
R,  S,  or  T.  For,  as  the  ftraight  line  PA/,  drawn 
from  the  fummit  of  the  objeft  P,  through  the  middle 
of  the  lens,  always  terminates  the  image  at  whatever 
diftance  it  may  be,  it  is  evident,  that  among  the  lines 
Q  y,  R  r,  S  J,  T  /,  the  lirft  Q  y  is  the  fmallcft,  and 
that  the  others  incrcafe  in  proportion  as  they  remove 
from  the  lens. 

2.  There  is  one  cafe  in  which  the  image  is  ptecifdy 
equal  to  the  objeft :  it  is  when  the  diftance^  of  the 
image  is  equal  to  that  of  the  objeft ;  and  this  takes 
place,  as  I  have  already  remarked,  when  the  diftance 
of  the  object  A  O  is  double  that  of  the  focus  of  the 
lens ;  the  image  will  then  be  T  /,  fo  that  the  diftance 
B  /  is  equal  to  A  O.  You  have  only  then  to  confider 
the  two  triangles  O  A  P  and  T  A  /,  which  having 
the  oppofite  angles  at  the  point  A,  as  well  as  the 
fides  A  O  and  A  T  equal  each  to  each,  as  likewife  the 
angles  at  O  and  T,  which  are  both  right  angles :  thefe 
two  triafigles  will  be  every  way  equal,  and  confe- 
quently  the  fide  T  /,  which  is  the  image,  will  be  equal 
to  the  fide  O  P,  which  is  the  objeft, 

3.  If  the  image  were  twice  farther  from  the  lens 
than  the  objeft,  it  would  be  double  the  objeft ;  and, 
in  general,  as  many  times  as  the  image  is  farther  from 
the  lens  than  the  objeft,  fo  many  times  will  it  be 
greater  than  the  objeft.    For  the  nearer  you  bring 

the 
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the  objeft  to  the  glafs,  the  farther  the  image  retires, 
and  confequently  the  greater  it  becomes. 

4.  The  contrary  takes  place  when  the  image  is 
nearer  the  lens  than  the  objeft ;  it  is  then  as  many 
times  fmaller  than  the  objeft,  as  it  is  nearer  the  lens 
than  the  objeft  is.  If  then  the  diftance  of  the  image 
were  one  thoufand  times  lefs  than  that  of  the  object, 
it  would  likewife  be  one  thoufand  times  fmaller. 

5.  Let  us  apply  this  to  burning-glaffcs,  which,  being 
expofed  to  the  fun,  reprefent  it's  image  in  the  focus, 
or  rather  reprefent  the  focus,  that  is,  the  luminous 
and  brilliant-drcle  which  burns,  and  which  is  nothing 
elfe  but  the  image  of  the  fun  reprefented  by  the  lens. 
You  will  no  longer  be  furprized,  then,  at  the  fmall- 
nefs  of  the  image,  notwithfianding  the  prodigious 
magnitude  of  the  fun,  it  being  as  many  times  fmaller 
in  the  focus  than  the  real  fun,  as  the  diftance  of  the 
fun  from  the  lens  is  greater  than  that  of  the  image. 

6.  Hence  likewife  it  is  evident,  that  the  greater  is 
the  diftance  of  the  focus  of  a  burning-glafs,  the  more 
brilliant  alfo  is  the  circle  in  the  focus,  that  is,  the 
greater  will  be  the  image  of  the  fun :  and  the  dia^ 
meter  of  the  focus  is  always  about  one  hundred  tiiiies 
(mailer  than  the  diftance  of  the  focus  from  the  lens. 

I  ihall  afterwards  explain  the  different  ufps  which 
may  be  made  of  convex  lenfes ;  they  are  all  fuifi- 
ciently  curious  to  merit  attention  • 

?6/^  DecemicTy  i76i.  ' 
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LETTER    LXXVm. 

Burning  Glaffes. 

npHE  firft  ufe  of  convex  lenfes,  is  their  employ;. 
-*^  ment  as  burning-glaffes,  the  cflFeft  of  which 
muft  appear  ahogether  aftoniihing,  even  to  thofe  who 
already  have  fonic  acquaintance  with  natural  philo- 
fophy.  In  fact,  who  could  believe,  that  the  image 
of  the  fun,  limply,  fliould  be  capable  of  exciting  fuch 
a  prodigious  degree  of  heat  ?  But  your  furprize  will 
ceafe,  if  you  pleafe  to  pay  fome  attention  to  the  fol* 
lowing  refleftions. 

1.  Lct^N,  {plate  Vhfig.  3.)  be  a  burning-glafs, 
which  receives  on  it's  furtace  the  rays  of  the  fun 
R,  R,  R,  refracted  in  fuch  a  manner  as  to  prefent  at 
F  a  fmall  luminous  circle,  which  is  the  image  of  the 
fun,  and  fo  much  fmaller  as  it  is  nearer  to  the  glafs. 

2.  All  the  rays  of  the  fun,  which  fall  on  the  fur- 
face  of  the  glafs,  are  collected  in  the  fmall  fpace  of 
the  focus  F ;  their  effeft,  accordingly,  muft,  in  that 
fpace,  be  as  many  times  greater  as  the  furface  of  the 
glafs  exceeds  the  magnitude  of  the  focus,  or  of  the 
fun's  image.  We  fay  that  the  rays,  which  were  dif- 
perfed  over  the  whole  furface  of  the  glafs,  are  Con- 
centrated in  the  fmall  fpace  F. 

3.  The  rays  of  the  fun  having  a  certain  degree  of 
heat,  they  exert  their  power,  in  a  very  fenfible  man- 
ner, at  the  focus  ;  it  is  poffible  even  to  calculate  how 
many  times  the  heat  at  the  focus  muft  exceed  the 

natural 
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natural  heat  of  the  fun's  rays:  we  have  only  to 
obfervc  how  many  times  the  furfiice  of  the  glafs  is 
greater  than  the  focus. 

4.  If  the  glals  were  not  greater  than  the  focus,  the 
heat  would  not  be  ftronger  at  the  focus  than  any 
where  elfe  ;  hence  we  muft  conclude,  that  in  order 
to  the  produftion  of  a  ftrong  heat  by  a  burning- 
glafe,  it  is  not  fufficient  that  it  fhould  be  convex,  or 
that  it  fhould  reprefent  the  image  of  the  fun,  it  muft, 
befides,  have  a  furface  which  feveral  times  exceeds 
the  magnitude  of  the  focus,  w;hich  is  fmaller  in  pro- 
portion as  it  is  nearer  to  the  glafs. 

5.  France  is  in  poffeffion  of  the  moft. excellent  burn- 
ing-gla& ;  it  is  three  feet  in  diameter,  and  it's  furface 
is  calculated  to  be  nearly  two  tlioufand  times  greater 
than  the  focus,  or  the  image  of  the  fun  which  it  re- 
prefents.  It  muft  produce,  therefore,  in  the  focus,  a 
heat  two  thoufand  times  greater  than  that  which  we 
feel  from  the  fun.  It's  effefts.  are,  accordingly,  pro- 
digious :  wood  of  every  kind  is,  in  a  moment,  fet  on 
fire ;  metals  are  melted  in  a  few  minutes ;  and,  in 
general,  the  moft  ardent  fire  which  we  are  capable 
of  producing,  is  not  once  to  be  compared  with  the 
vehement  heat  of  this  focus. 

6.  The  heat  of  boiling  water  is  calculated  to  be 
about  thrice  greater  than  what  we  feel  from  the  rays 
of  the  fun  in  fummer,  or,, which  amounts  to  the 
fame  thing,  the  heat  of  boiling  water  is  thrice  greater 
than  the  natural  heat  of  the  blood  in  the  human  Ipody. 
But  in  order  to  melt  lead,  we  muft  have  a  heat  thrice 
greater  than  is  requifite  to  make  water  boil ;  and  to 

X4  melt 
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melt  copper  a  heat  (till  thrice  greater  is  necefiary; 
To  mdt  gold  requires  a  much  higher  degree  of  heat. 
Heat,  then,  one  hundred  times  greater  than  that  of 
our  blood  is  capable  of  melting  gold ;  how  far  then 
muft  a  heat  two  thou&nd  times  greater  exceed  the 
force  of  our  ordinary  fires  ? 

7*  But  how  are  thefe  prodigious  cSe&s  produced 
by  the  rays  of  the  fun  colleded  in  the  focus  of  a 
burning-glafs  ?  This  is  a  very  difficult  queftion,  with 
f  efped  to  which  philofophers  are  very  much  divided. 
Thofe  who  maintain  that  the  rays  are  an  emanation 
from  the  fun,  darted  with  the  amazing  velocity  which 
I  formerly  dcfcribed,  are  not  greatly  embarraflcd  for 
a  folution ;  they  have  only  to  fay  that  the  matter  of 
the  rays,  ftriking  bodies  with  violence,  muft  totally 
break  and  deftroy  their  minute  particles.  But  this 
Opinion  is  no  longer  admitted  in  found  philofophy. 

8.  The  other  fyftem,  which  makes  the  nature  ^of 
Kght  to  confift  in  the  agitation  of  the  ether,  appears 
little  adapted  to  explain  thefe  furprizing  eflFefts  of 
burning-glaffes.  On  carefuDy  examining, -however, 
all  the  circumftances,  we  fliall  foon  be  convinced  of 
the  poffibility  of  this.  The  natural  rays  of  the  fun, 
as  they  fall  on  bodies,  excite  the  minute  particles  of 
the  furface  to  a  concuffion,  or  motion  of  vibration, 
which,  in  it's  turn,  is  capable  of  exciting  new  rays, 
and  by  thefe  the  body  in  queftion  is  rendered  vifible. 
And  a  body  is  illuminated  only  fo  far  as  thefe  proper 
particles  are  put  into  a  motion  of  vibration  fo  rapid 
as  to  be  capable  of  producing  new  rays  in  the  etjier, 

9.  It  is  clear,  then,  that  if  the  natural  rays  of  the 

fun 
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fun  have  fufficient  force  to  a^tate  the  minute  par- 
ticles of  bodies,  thofe  which  are  coUe&ed  in  the  focus 
mufl:  put  the  particles  which  they  nieet  there  into 
an  agitation  fo  violent,  that  their  mutual  adheiion  is 
entirely  diffolved,  and  the  body  itfelf  completely  de- 
ft royed,  which  is  the  effeft  of  fire.  For  if  the  body 
is  combuftible,  as  wood,  the  diflblution  of  thefe  mi- 
nute partides,  joined  (o  the  teoft  rapid  agitation, 
makes  a  confiderable  part  of  it  to  fly  off  into  air,  in 
the  form  of  fmoke,  and  the  grofler  particles  remain 
in  form  of  aihes.  Fufible  bodies,  as  metals,  become 
liquid  by  the  diflblution  of  their  particles,  whence  we 
may  comprehend  how  fire  afbs  on  bodies ;  it  is  only 
the  adhefion  of  their  minuteft  partides  which  is  at- 
tacked, and  the  partides  tbemfdves  are  thereby  aftcr- 
^'urds  put  into  the  moft  violent  agitation.  Here, 
then,  is  a  very  ftriking  cScd:  of  burning-glaiTes,  which 
derives  its  origin  from  the  nature  of  ^  convex  lenfes. 
There  are  befides  many  other  wonderful  effects  to  be 
defcribed. 
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The  Camera  Obfcura,  ,    . 

WE  likewife  employ  convex  lenfes  in  the  ca^ 
mera  obfcura^  and  by  means  of  them,  all  ex. 
temal  objeds  are  prefented  in  the  darkened  room  on 
a  white  furface,  in  their  natural  colours,  in  fuch  a 
maQner  that  landfcapeaj  and  public  buildings,  or  ob« 
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jeds  in  general,  are  reprefented  in  much  greater  per- 
feftion  than  the  power  of  the  pencil  is  capable  of 
producing.  Painters  accordingly  avail  themfelves  of 
this  method,  in  order  to  draw,  with  exadnefs,  land- 
fcapes  and  other  objefts  which  are  viewed  at  a  dit* 
tance.  The  camera  obfcura,  then,  is  to  be  the  fubjedl 
of  this  letter. 

E  F  G  H,  (iplate  VLJig.  4.)  reprefents  the  form  of  a 
camera  obfcura,  clofely  fhut  up  on  all  fides,  except  one 
little  round  aperture  made  in  one  of  the  window 
fhutters,  in  which  is  fixed  a  convex  lens,  of  fuch  a 
focUs  as  to  throw  the  image  of  external  obje6b,  £ay 
the  tree  O  P,  exaftly  on  the  oppofite  wall  F  G,  at  ^  /. 
A  white  and  moveable  table  is  likewife  employed, 
which  is  put  in  the  place  of  the  images  reprefented. 

The  rays  of  light,  therefore,  can  be  admitted  into 
the  chamber  only  through  the  aperture  M  N,  in 
which  the  lens  is  fixed,  without  which  total  darknefs 
would  prevail. 

Let  us  now  confider  the  point  P.  of  any  objeA^ 
fay  the  ftem  of  our  tree  O  P.     It*s  rays  P  M,  P  A, 
P  N  will  fall,  then,  on  the  lens  M  N,  and  be  refirafted 
by  it,  fo  as  to  meet  again  at  the  point  ^  on  the  wall, 
or  on  a  white  table  placed  there  for  the  purpofe. 
This  point  p  will  confequently  receive  no  other  rays 
but  fuch  as  proceed  from  the  point  P  ;  and  in  like 
manner  every  other  point  of  the  table  will  receive 
only  the  rays  which  proceed  from  the  correfponding 
point  of  the  object ;  and  reciprocally,  to  every  point 
of  the  external  objeft  will  correfpond  a  point  on  the 
table,  which  receives  thofe  rays  and  no  othen     If  the 

lens 
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lens  were  to  be  removed  from  the  aperture  M  N,  the 
table  would  be  illuminated  in  quite  a  different  man* 
ner,  for  in  that  cafe  every  point  of  the  objeft  wo\ild 
diffufe  it's  rays  over  the  whole  table,  fo  that  every 
point  of  the  table  would  be  illuminated  at  once  by 
all  the  external  objefts,  whereas  at  prefent  it  is  fo  by 
one  only,  that  whofe  rays  it  receives ;  from  this  you 
will  eafily  comprehend  that  the  effeft  muft  be  quite 
different  from  what  it  would  be  if  the  rays  entered 
fimply  by  the  aperture  MN  into  the  chamber. 

Let  us  now  examine,  fomewhat  more  dofely, 
wherein  this  difference  confifts ;  and  let  us  firft  fup- 
pofe  that  the  point  P  of  the  objeft  is  green,  the  point 
of  the  table  p  will,  therefore,  receive  only  thofe  green 
rays  of  the  objeft  P,  and  thefe,  re-uniting  on  the 
wall  or  table,  will  make  a  certain  imprefiion,  which 
here  merits  confideration.  For  this  purpofe  you  will 
pleafe  to  r  ecolled  the  following  propofitions  which  I 
had  formerly  the  honour  of  explaining  to  you. 

I.  Colours  differ  from  each  other  in  the  fame 
manner  as  mufical  founds :  each  colour  is  produced 
by  a  determinate  number  of  vibrations,  which,  in  a 
given  time,  are  excited  in  the  ether.  The  green 
colour  of  our  point  P  is  accordingly  appropriated 
to  a  certain  number  of  vibrations,  and  would  no 
longer  be  greeh  were  thefe  vibrations  more  or  lefs 
rapid.  Though  we  do  not  know  the  number  of  vi- 
brations which  produce  fuch  or  fuch  a  colour,  wc 
may,  however,  be  permitted  to  fuppofe  here  that 
green  requires  twelve  thoufand  vibrations  in  a  fe- 
cpnd,  and  what  we  affirm  of  this  number,  twelve 

thouiand. 
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thoufand,  may  likewife  be  eafily  underftood  of  the'^ 
real  number,  whatever  it  be. 

2.  This  being  laid  down,  the  point  p  on  the  white 
table  will  be  ilruck  by  a  motion  of  vibration,  of 
which  twelve  thoufend  will  be  completed  in  a  fecond. 
Now,  I  have  remarked  that  the  particles  of  a  white 
furface  are  all  of  fuch  a  nature  as  to  receive  every 
fort  of  agitation,  more  or  leis  rapid,  whereas  tho£e 
of  a  coloured  furface  are  adapted  to  receive  only 
that  degree  of  rapidity  which  correfponds  to  their 
colour.  And  as  our  table  is  white,  the  point  p  in  it 
^will  be  excited  to  a  motion  of  vibration  correfpond- 
ing  to  the  colour  of  green ;  in  other  words  it  will  be 
agitated  twelve  thoufand  times  in  a  fecond. 

3.  As  long  as  the  point  ^,  or  the  particle  of  the 
white  furfkce  which  exifts  there,  is  agitated  with  a 
fimilar  motion,  this  will  be  communicated  to  the 
particles  of  the  ether  which  furround- it;  and  this 
motion  diffufing  itfelf  in  all  direftions,  will  generate 
rays  of  the  fame  nature,  that  is  to  fay,  green ;  juft  as 
in  mufic,  the  found  of  a  certain  note,  fay  C,  agitates 
a  firing  wound  up  to  the  fame  tone,  and  makes  it 
emit  a  found  without  being  touched. 

4.  The  point  p  of  the  white  table  wiD  accordingly 
produce  green  rays,  as  if  it  were  dyed  or  painted  that 
colour :  and  what  I  affirm  of  the  point  ^,  will  equally 
take  place  with  refpeft  to  all  the  points  of  the  illu- 
minated table,  which  will  produce  all  the  rays,  each 
of  the  fame  colour  with  that  of  the  objeft  whofe 
image  it  reprefents.     Every  point  of  the  table  will, 

therefore. 
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therefore,  become  vifible,  under  a  certain  colour,  as 
If  it  were  a6hially  painted  that  colour. 

5.  You  will  perceive,  then,  on  the  table,  all  the 
colours  of  the  external  objefts,  the  rays  of  which 
will  be  admitted  into  the  chamber  through  the  lens : 
each  point  in  particular  will  appear  of  the  colour  of 
that  point  of  the  objeft  which  correfponds  to  it,  and 
you  will  fee  on  the  table  a  combination  of  various 
colours,  difpofed  in  the  fame  order  as  you  fee  them 
in  the  objefts  tliemfelves,  that  is  to  fay,  a  reprefenta- 
tion,  or  rather  the  perfeft  pidlure  of  all  the  objefts 
on  thfe  outfide  of  the  dark  chamber  which  are  before 
the  lens  NN. 

6.  All  thefe  objeds  will,  however^  appear  reverfed 
on  the  table,  as  you  will  conclude  from  what  I  have 
faid  in  my  foregoing  letters.  The  under  part  of  the 
tree  O  will  be  teprefentcd  at  o^  and  the  fummit  P  at 
p :  for,  in  general,  each  object  muft  be  reprefented 
on  the  white  table,  in  the  place  which  is  the  termi- 
nation 6f  the  ftraight  line  drawn  from  the  object  P 
through  the  middle  of  the  lens  A:  that  which  is 
upward  will,  confequently,  be  reprefented  down- 
ward, and  that  which  is  to  the  left  will  be  to  the 
right ;  in  a  word,  every  thing  will  be  reverfed  in 
the  picture  ;  the  reprcfentation  will,  neverthelefs,  be 
more  exaft  and  more  perfed  than  the  moft  accurate 
painter  is  capable  of  producing. 

7.  You  will  further  remark,  that  this  picture  will 
be  fo  much  fmaller  than  the  objects  themfdves,  in 
proportion  as  the  focus  of  the  lens  is  fliorter.  Lenfes 
of  a  fhort  focus  wilL  accordingly  give  the  objeds  in 

miniature ; 
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miniature ;  and  if  you  would  wifh  to  have  them 
magnified,  you  4nuft  employ  lenfes  of  a  longer  focus^ 
or  which  reprefent  the  images  at  a  greater  diftance* 

8,  In  order  to  contemplate  thefe  reprefentations 
more  at  eafe,  the  rays  may  be  intercepted  by  a  mir- 
ror, from  which  they  are  refrafted,  fo  as  to  repre- 
fent the  whole  pifture  on  a  horizontal  table ;  and 
this  is  of  peculiar  advantage  when  we  wilh  to  copy 
the  images. 

%d  January^  1 762. 


LETTER    LXXX. 

Reflections  on  the  Reprefentation  in  the  Camera  Obfcura. 

THOUGH  you  can  no  longer  entertain  any 
doubt  refpeding  the  reprefentations  made  in 
a  dark  chamber,  by  means  of  a  convex  lens,  I  hope 
the  following  reflections  will  not  appear  fuperfluous^ 
as  they  ferve  to  place  this  fubjeft  in  a  clearer  light. 

1 .  The  chamber  muft  be  completely  darkened,  for, 
were  the  light  admitted,  the  white  table  would  be 
vifible,  and  the  particles  of  it's  furface,  already  agi- 
tated, would  be  incapable  of  receiving  the  impreffion 
of  the  rays  which  unite  to  form  the  images  of  ex- 
ternal objefts.  Though,  however,  the  chamber  were 
a  little  illuminated,  ftill  fomething  of  the  reprefenta- 
tion would  appear  on  the  table,  but  by  no  means  fo 
vivid  as  if  the  chamber  were  entirely  dark.      ' 

2.  We  muft  carefully  diftinguifh  the  piAure  re- 
prcfented  on  the  white  taUe,  from  the  image  which 

the 
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the  lens,  m  virtue  of  it's  own  nature,  reprefents,  as  I 
tave  formerly  explained.  It  is  very  true,  that  placing 
the  table  in  the  very  place  where  the  image  of  the 
objects  is  formed  by  the  lens,  this  image  will  be  con- 
founded by  the  picture  we  perceive  on  the  table ; 
thefe  two  things  are,  neverthelefs,  of  a  nature  entirely 
different :  the  image  is  only  a  fpeclre  or  fhade  float- 
ing in  the  air,  which  is  vifible  but  in  certain  places, 
whereas  the  reprefentation  is  a  real  picture,  which 
every  one  in  the  chamber  may  fee,  and  to  which  du- 
ration alone  is  wanting. 

3.  In  order  the  more  clearly  to  elucidate  this  dif- 
ference, you  have  only  to  confider  carefully  the  na- 
ture of  the  image  o,  {plate  VLJig.  5.)  reprefented  by 
the  convex  lens  M  N,  the  objed  being  at  O.  This 
image  is  nothing  elfe  but  the  place  in  which  the  rays 
OM,  OC,  ON  of  the  objed,  after  having  paffed 
through  the  lens,  meet  by  refraction,  and  thence 
continue  their  direction  as.  if  they  proceeded  from 
the  point  ^,  though  they  really  originated  from  O, 
and  by  no  means  from  0. 

4.  Hence  the  image  is  vifible  only  to.  eyes  fituated 
fomewhere  within  the  angle  R  0  Q,  as  at  S,  where 
an  eye  will  aftually  receive  the  rays  which  come  to 
it  from  the  point  (?•  But  an  eye  fituated  out  of  this 
ahgle,  as  at  F  or  V,  will  fee  nothing  at  all  of  it,  be- 
caufe  no  one  of  the  rays  collefted  at  0  is  directed  to- 
ward it :  the  image  at  (?,  therefore,  differs  very  effen- 
tially  from  a  real  object,  and  is  vifible  only  in  certain 
places. 

5-  But 
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5^  But  if  a  white  table  is  placed  at  o^  and  it^s  fur^- 
hcc  at  this  point  o  is  really  exdted  to  an  agitatioix 
fimilar  to  that  which  takes  place  in  the  objed  O,  this 
fpot  0  of  the  furface  itfelf  generates  rays  which  ren- 
der it  vifible  every  where.  Here,  then,  is  the  dif- 
ference between  the  image  of  an  objedl,  and  it's  re- 
prefentation  made  in  a  camera  obfcura :  the  image 
Is  idiible  only  in  certain  places,  namely,  thofe  through 
which  are  tranfmitted  the  rays  that  originally  pro- 
ceed from  the  qbjeft ;  whereas  the  pifture,  or  repre- 
fentation  formed  on  the  white  table,  is  feen  by  it's 
own  rays,  excited  by  the  agitation  of  the  particles 
of  it's  furfece,  and  confequently  vifible  in  every  place 
of  the  camera  obfcura. 

6.  It  is  likewife  evident,  that  the  white  table  muft 
ahfolutdy  be  placed  exaAly  in  the  place  of  the  image 
formed  by  the  lens,  in  order  that  every  point  of  the 
taWe  may  receive  no  other  rays  except  fuch  as  pro* 
ceed  from  a  fingle  point  of  the  objeft :  for  if  other 
rays  were  likewife  to  fall  upon  it,  they  woiild  dif- 
turb  the  efFeft  of  the  former,  or  render  the  reprc- 
fentation  confiifed. 

7,  Were  the  lens  to  be  entirely  removed,  and  free 
admiflion  given  to  the  rays  into  the  dark  chamber, 
the  white  table  Would  be  illuminated  by  it,  but  no 
pi6hire  would  be  vifible.  The  rays  of  the  di&rent 
objeAs  would  fall  on  every  point  of  the  table,  with- 
out, exprefling  any  one  determinate  *  image.  The 
pifture,  accordingly,'  which  we  fee  in  a  camera  ob- 
fcura, on  a  white  furface,  is  the  eflFed  of  the  convex 
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fens  fi^ed  in  the  Ihutter :  this  it  is  which  collects 
anew,  in  a  fingle  point,  all  the  rays  that  proceed 
from  one  point  of  the  object. 

8.  A  very  Angular  phenomenon  is  here,  however, 
obfervable,  when  the  aperture,  made  in  the  window- 
fihutter  of  the  dark  chamber,  is  very  fmaH  5  for  though 
no  lens  be  applied,  you  may,  neverthelefs,  perceive 
on  the  oppofite  partition  the  images  of  external  ob- 
jects, and  even  with  their  natural. colours:  but  the 
reprefentation  is  very  faint  and  confufed,  and  if 
the  aperture  is  enlarged  this  reprefentation  entirely 
difappears.     I  ihall  explain  this  phenomenon. 

In^^.  6.  plate  VL  MN  is  the  fmall  aperture  through 
which  the  rays  of  external  objefts  are  admitted  into 
the  dark  chamber  EFGH.  The  wall  FG  oppofite 
to  the  aperture  is  white,  the  better  to  receive  the 
impreffion  of  rays  of  all  forts. 

Let  the  point  O  be  an  object,  of  which  the  rays 
OM,  ON  alone,  with  thofe  which  fall  between  them, 
can  enter  into  the  chamber.  Thefe  rays  will  be  con- 
fined to  the  fmall  fpace  0  0  oi  the  wall,  and  will  illu- 
minate it.  This  fpace  0  0  will  be  fo  much  fmaller, 
or  approach  the  nearer  to  a  point,  in  proportion  as 
the  aperture  MN  is  fmall :  if  then  this  aperture  were 
very  fmall,  we  fhould  have  the  efl'ect  already  de- 
fcribed,  according  to  which  every  point  of  the  white 
table  receives  only  the  rays  proceeding  from  a  fingle 
point  of  the  object :  there  would  be  produced,  of 
confequence,  a  reprefentation  fimilar  to  that  which 
is  produced  by  the  application  of  a  convex  lens  to  an 
aperture  in  the  window-fhutter.     But  in  the  prefent 

Vol.  II.  Y  cafe, 


3^2  OF  THE  MAGIC  LANTERN, 

cafe,  the  aperture  bdng  of  a  certain  extent,  every 
point  O  of  the  objed  \nll  illuminate  a  certain  fmall 
fpace  0  0  on  the  wall,  and  agitate  it  by  it's  rays.  The 
lame  thing  then,  nearly,  would  take  place,  as  if  a 
painter,  inftead  of  making  points  with  a  fine  pencil^ 
ihoukl  with  a  coarfe  one  make  fpots  of  a  certaiir 
magnitude,  attending,  however,  to  defign  and  co- 
louring, the  reprefentation  made  on  the  wall  wilt 
have  a  refemblancc  to  this  fort  of  daubing ;  but  it 
will  be  clearer  in  proportion  to  the  Imallneis  of  the 
sqperture  by  which  the  rays  are  admitted. 

yb  January f  1762. 
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Of  the  Magic  Lantern^  and  Solar  Microfcoj^. 

'THHE  camera  obfcura  has  properly  no  cffeft  except 
-*•  on  very  diftant  objefts,  but  you  will  eafily  com- 
prehend, that  it's  application  may  be  equally  ex- 
tended to  nearer  objefts ;  for  this  purpofe  the  white 
table  muft  be  removed  further  from  the  lens,  con-!^ 
formably  to  this  general  rule,  that  the  nearer  the 
object  is  brought  to  the  convex  lens,  the  farther 
does  the  image,  wliere  the  white  table  ought  to  be 
placed,  retire  from  it ;  and  if  the  chamber  is  not  of 
fufEcient  depth,  a  different  lens,  of  a  fliorter  focus, 
muft  be  employed. 

You  may  place  then,  out  of  the  chamber,  before 
the  aperture  to  which  the  convex  lens  is  fitted,  any 
objeft  or  picture  whatever,  and  you  will  fee  a  copy 

'of 
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of  it  on'  the  white  table  within  the  dark  chamber, 
greater  or  fmaller  than  ^e  original,  according  as  the 
diftance  of  the  image  is  greater  or  fmaller ;  but  it 
would"  be  more  commodious,  undoubtedly,  if  the 
objeA  could  be  expofed  within-fide  the  dark  cham- 
ber, in  order  to  it's  being  moved  and  changed  at 
pleafure.  But  here  a  great  difficulty  occurs;  the 
objed:  itielf  would,  in  this  cafe,  be  darkened,  and 
confequently  rendered  incapable  of  producing"  the 
efiba  we  wifh. 

The  thing  wanted,  then,  is,  to  illumiiiate  the  ob- 
jeft  as  much  as  poffible,  within-fide  th^  dark  cham- 
ber, and  at  the  fame  time  to  exclude  the  light.  I 
have  found  out  the  means  of  doing  this.  You  will 
recoiled  that  I  conftriifted  a  machine  to  the  effeft  I 
am  mentioning,  which  I  had  the  honour  of  prefent- 
ing  to  you  fix  years  ago ;  and  now  you  will  eafily 
comprehend  the  ftru&ure,  and  the  principles  on 
which  it  is  founded. 

This  machine  confifts  of  a  Box  very  clofe  on  all 
fides,  nearly  of  a  figure  fimilar  to  y%.  7.  plate  VIL 
The  farther  fide  of  which  E  G  has  an  opening  I K, 
in  which  are  to  be  fitted  the  objefts,  portraits  or 
other  piftures  OP  which  you  mean  to  reprefent ;  on 
the  other  fide,  directly '  oppofite,  is  a  tube  MNQR, 
containing  a  convex  lens  MN ;  this  tube  is  moveable, 
fqr  the  purpofe  of  bringing  the  lens  nearer  to  the 
objeft,  or  of  removin^^  it-  at  pleafure.  Then,  pro- 
vided the  obj^ft-OP'be  well  illumihated,  the  lens 
wiU;  throw  fomewhere  the- image  of  it  op^  and  if 
you  there  place  a  white  tabtet,  you  will  fee  upon  it 

Y  2  a  perfeft 
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a  pcrfefl:  copy  of  the  objed,  fo  much  the  clearer  as 
the  objed  itfelf  is  more  illuminated. 

For  this  purpofe  I  have  contrived  in  this  box  two 
fide  wings  for  the  reception  of  lamps  with  large 
vicks,  and  in  each  wing  is  placed  a  mirror  to  reflect 
the  light  of  the  lamps  on  the  objeAs  OP ;  above,  at 
EF,  is  a  chimney  by  which  the  fmokc  of  the  lamps 
pafles  off.  Such  is  the  conftruction  of  this  machine^ 
within  which  the  objeft  O  P  may  be  very  ftrongly 
illuminated,  while  the  darkncfs  of  the  chamber  fuf- 
fcrs  no  diminution.  In  order  to  the  proper  ufe  of 
this  machine,  attention  muil  be  paid  to  the  follow- 
ing remarks. 

I.  On  Aiding  inward  the  tube  MNQR,  that  is 
bringing  the  lens  MN  nearer  to  the  objed  O  P,  the 
image  op  will  retire ;  the  white  tablet  mufi  therefore 
be  removed  backward,  to  receive  the  image  at  the 
juft  diftancej  the  image  will  thereby  be  likewiic 
magnified,  and  you  may  go  on  to  enlarge  it  at  plea- 
fure  by  preffing  the  lens  MN  nearer,  and  nearer  to 
the  objeft  OP. 

II.  On  removing  the  lens  from  the  objeft,  the 
diftance  of  the  image  will  be  diminifhed :  the  white 
tablet  muft  in  this  cafe  be  moved  nearer  to  the  lens, 
in  order  to  have  a  clear  and  diftinft  reprefentation, 
but  the  image  will  be  reduced. 

III.  It  is  obvious  that  the  image  will  be  always 
reverfed ;  but  this  inconveniency  is  eaiily  remedied  ; 
you  have  only  to  reverfc  the  object  OP  itfelf,  turn- 
ing  it  upfide  down,  and  the  i^iage  will  be  rppte-* 
fented  upright  on  the  \yiiite  tabkt. 

IV.  It 


AlTD  SOLAR  MICROSCOPE.  325 

IV.  It  is  a  farther  general  remark,  that  the  more 
the  image  is  magnified  on  the  white  tablet,  the  lels 
luminous  and  diftind:  it  will  be ;  but  on  reducing 
the  image,  it  is  rendered  more  diftind  and  brilliant. 
The  r^afon  is  plain,  the  light  proceeds  wholly  from 
the  illumination  of  the  objed ;  the  greater  that  the 
fpace  is,  over  which  it  is  difiufed,  the  more  it  muft 
be  weakened,  and  the  more  cohtraded  it  is,  the 
more  brilliant. 

V.  Accordingly,  the  more  you  wiffi  to  magnify 
the  reprefentation,  the  more  you  muft  ftrengthen 
the  illumination  of  the  objeft,  by  increafing  the  light 
of  the  lamps  in  the  wings  of  the  machine :  but  for 
fmall  reprefentations  a.  moderate  illuminatiQn  is  fuf- 
ficient. 

The  machine  which  I  have  been  defcribing  is 
called  the  magic-lantern^  to  diftinguifh  it  from  the 
common  camera  obfcura,  employed  for  reprefenting 
diftant  objects:  its  figure,  undoubtedly,  has  pro- 
cured it  the  name  of  lantern,  efpecially  as  it  is  de- 
figned  to  contain  light ;  but  the  epithet  magic  mufl: 
have  been  an  jnvention  of  it's  firft  proprietors,  who 
wifhed  to  imprefs  the  vulgar  with  the  idea  of  magic 
or  witchcraft.  The  ordinary  magicJanterns,  how- 
ever, are  not  conftrufted  in  this  manner,  and  ferve 
to  reprefent  no  other  objecb  but  figures  painted  on 
glafs,  whereas  this  machine  may  be  applied  to  objefts 
of  all  forts. 

It  may  even  be  employed  for  reprefenting  the 
fmalleft  objects,  and  for  magnifying  the  reprefenta«» 
tion  to  a  prodigious  fize,  fo  as  that  the  finalleft  fly 

Ya  ■  fcaU 
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ihall  appear  a&  large  as  an  elephant :  but,  for  fhis 
purpofc,  the  firongeft  light  that  lamps  can  give  is 
fzr  from  being  fufficient ;  the  machine  muft  be  di£- 
pofed  in  fuch  a  manner  that  the  objeds  may  be  illu- 
minated  by  the  rays  of  the  fun,  ftrengthened  by  a 
btirning-glais :  the  machine,  in  this- cafe,  changes 
it's  name,  and  is  called  the  folur-microfcope :  \  fhall 
have  occailon .  to  ipeak  of  it  more  at  large  in  the 
fequd. 


>e«9ee< 


LETTER  LXXXn. 

Vfe  and  EffeSl  of  aftmple  Convex  Lens. 

WE  likewife  employ  convex  lenfes  for  imme- 
diately looking  through:  but  in  order  to 
explain  their  different  ufes,  we  muft  go  into  a  defer 
invcfligation  of  their  nature. 

- .  Having  obferved  the  focal  diffaince  of  fuch  a  glafi, 
I  have  already  remarked,  that  when  the  object  is 
very  remote,  it's  image  is  reprefented  in  the  focus 
itfelf,  but  on  bringing  the  objeft  nearer  to  the  lens, 
the  image  retires  farther  and  farther  from  it ;  fo  that 
if  the  diflance  of  the  objed  be  equal  to  that  of  the 
focus  of  the  lens,  the  image  is  removed  to  an  in* 
finite  diftance,  and,  confequently,  becomes^nfinitdy 
great. 

The  reafon  is,  that  the  rays  OM,  OM,  (flate  VL 

fis*  lO  which  come  from  the  point  O,  are  refraAed 

by  the  lens,  fo  as  to  become  parallel  to  Coch  other, 

as 
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:is  NF^NF;  and  as  parallel  lines  are  fuppofed  to  pro- 
ceed forward  to  infinity,  and  as  the  image  is  always 
in  the  place  where  the  rays,  ifluing  from  one  point 
of  the  objeft,  are  collefted  again  after  the  refraftion- ; 
in  the  cafe  when  the  objeA  OA  is  equal  to  that  of 
the  focus  of  the  lens,  the  place  of  the  image  removes 
to  an  infinite  diftance ;  and  as  it  is  indifferent  whe* 
ther  we  conceive  the  parallel  lines  NF  and  NF  to 
meet  at  an  infinite  diftance  to  the  left  or  to  the  right* 
it  may  be  faid  indifterently,  that  the  image  is  to  the 
right  or  to  the  left,  infinitely  diftant,  the  effeft  being 
always  the  fame. 

Having  made  this  remark,  you  ^1  eafily  judge 
what  muft  be  the  place  of  the  image,  when  the  ol> 
jeft  is  brought  ftill  nearer  to  the  lens. 

Let  OP,  {plate  VI.  Jig.  8.)  be  the  objeflr,  and  as 
it's  diftance  OA  from  the  convex  lens  is  lels  than 
the  diftance  of  the  focus,  the  rays  OM,  OM,  which 
fall  upon  it  from  the  point  O,  are  too  divergent  to 
admit  of  the  pofiibility  of  their  being  rendered  pap 
rallei  to  each  otlicr  by  the  refradtive  power  of  the 
lens ;  they  will,  therefore,  be  ftill  divergent  after  the 
reftadion,  as  marked  by  the  lines  NF,  NF,  though 
much  lefs  fo  than  before,  therefore  if  thefe  lines  are 
produced  backward,  they  will  meet  fomewhere  at  0, 
as  you  may  fee  in  the  dotted  lines  N  oi  N  0.  The 
rays  NF,  NF,  will,  of  confequence,  after  having 
paffed  through  the  lens,  preferve  the  fame  direction 
as  if  they  had  proceeded  from  the  point  0,  though 
tUey  have  not  actually  paffed  through  that  point,  as 
it  is  only  in  the  lens  that  they  have  taken  this  new 

Y  4  direftion. 


3 -2 8  USE  AND  EFFECT  OF  A 

dircclion.  An  eye  which  receives  thefe  refrafted 
irays  NF,  NF,  will  be,  therefore,  affected  as  if  they 
really  came  from  the  point  ^,  and  will  imagine  that 
the  objedl  of  it's  vifion  exifts  at  o.  There  will,  how- 
ever, be  no  image  at  that  point,  as  in  the  preceding 
cafe  :  to  no  purpofe  would  you  put  a  white  tablet  at 
Oj  it  would  prefent  no  pidhire  there,  for  want  of 
rays ;  for  this  reafon  we  fay  that  there  is  an  imagi- 
nary image  at  oy  and  not  a  real  one :  the  term  ima^ 
ginary  being  oppofed  to  that  of  real. 

Neverthelels,  an  eye  placed  at  E  receives  the  fame 
impreflion  as  if  the  object  OP,  from  which  the  rays 
originally  proceed,  cxifted  at  o.  It  is  of  great  im- 
portance, then,  to  know,  as  in  the  preceding  cafes, 
the  place  and  the  magnitude  of  this  imaginary  image 
op.  As  to  the  place,  it  is  fuffident  to  remark,  that 
if  the  diftance  of  the.objeft  AO  be  equal  to  the  dif- 
tance  of  the  focus  of  the  lens,  the  image  wUl  be  at 
an  infinite  diftance  from  it,  and  this  is  what  the  pre- 
fent cafe  has  in  common  with  the  preceding;  but 
the  nearer  the  objeft  is  brought  to  the  lens,  or  the 
lefs  that  the  diftance  AO  becomes  than  that  of  the 
ibcus  of  the  lens,  the  nearer  does  the  imaginary  image 
approach  to  the  lens,  though,  at  the  fame  time,  it 
remains  always  at  a  greater  diftance  from  the  lens 
than  the  objeft  itfelf. 

To  elucidate  this  by  an  example,  let  us  fuppofe 
that  the  focal  diftance  of  the  lens  is  6  inches,  and 
for  the  different  diftances  of  the  objeft,  the  annexed 
table  indicates  the  diftance  of  the  imaginary  image  of. 

Diftance 
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Diftancc  of  the  Obj^d  A  O.  | 


Diilance  of  the  iraaginary  Image 
A  0. 


6 

5 

4 

3 
2 

1 


Infinity 

12 
6 

3 

1  and  a  fifth* 


The  rule  for  afcertaining  the  magnitude  of  this 
imaginary  image  op  is  eafy  and  general,  you  have 
only  to  draw  through  the  middle  of  the  lens,  marked 
C,  and  through  the  extremity  of  the  objeft  P,  the 
ftraight  line  C  P^  ;  and  where  it  meets  with  the  line 
i)  p  drawn  from  0  at  right  angles  with  the  axis  of  the 
lens,  you  will  have  found  the  magnitude  of  the  ima- 
ginary image  op ;  from  which  it  is  evident,  that  this 
image  is  always  greater  than  the  object  O  P  itfelf,  as 
many  times  as  it  is  farther  from  the  lens  than  the 
objeft  O  P.  It  is  likewife  evident,  that  this  image 
is  not  reverfed,  as  in  the  preceding  cafe,  but  ^ipright 
as  the  objeft. 

You  will  eafily  comprehend,  from  what  I  have 
(aid,  the  benefit  that  may  be  derived  from  lenfes  of 
this  fort,  by  perfons  whofe  fight  is  not  adapted  to 
the  view  of  near  objects,. but  who  can  fee  them  to 
more  advantage  at  a  conliderable  diftance.  They 
have  only  to  look  at  objects  through  a  convex  lens, 
in  order  to  fee  them  as  if  they  were  very  diftant. 
The  defeft  of  fight  with  refpeft  to  near  objeds  oc- 
curs ufually  in  aged  people,  who  confequently  make 
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uic  of  fpcftaclcs  with  convex  glaffes,  which,  cxpofed 
to  the  fun,  produce  the  efFccl  of  a  burning-glafs,  and 
this  afcertains  the  focal  diftance  of  every  giafs.  Some 
perfons  have  occafion  for  ipeftades  of  a  very  near 
focus,  others  of  one  more  diftant,  according  to  the 
ftate  of  their  fight ;  but  it  is  fuffidcnt,  for  my  pre- 
fent  purpofe,  to  have  given  a  general  idea  of  the  ufe 
cf  fuch  fpe<3acles. 

LETTER    LXXXin. 

11^  and  Effefl  of  a  Concave  Lens. 

YOU  have  feen  how  convex  glaffes  affift  the  fight 
of  old  people,  by  repreienting  to  them  objects 
as  at  a  greater  diftance  than  they  really  are :  there  are 
eyes,  on  the  contrary,  which,  in  order  to  diftind:  vi- 
fion,  require  the  objects  to  be  reprefented  as  nearer  ; 
and  concave  glaffes  procure  them  this  advantage : 
which  leads  me  to  the  explanation  of  the  effect  of 
concave  lenfes,  which  is  directly  the  contrary  of  that 
of  the  convex, 

IVhen  the  objed  O  P,  (plate  VLJig.  9.)  is  very 
diftant,  and  it's  rays  O  M,  O  M,  fall  almoft  parallel 
on  the  concave  lens  T  V,  in  this  cafe,  inftead  of  be- 
coming convergent  by  the  refraction  of  the  lens, 
they,  on"  the  contrary,  become  more  divergent,  pur- 
I'uing  the  direction  N  F,  N  F,  which,  produced  back- 
ward, meet  at  the  point  0  ;  fo  that  an  eye. placed,  fdr 
example,  at  E,  receives  thefe  refrafted  rays  in  the 
7  fame 
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feme  manlier  as  if  they  proceeded  from  the  point  ^, 
though  they  really  proceed  from  the  point  O ;  for 
this  reafon  I  have,  in  the  figure,  dotted  the  ftraight 
lines  N  (?,  N  (?• 

As  the  objeft  is  fuppofed  to  be  infinitely  dift^nt, 
were  the  lens  convex  the  point  «?  would  be  what  we 
call  the  focus  ;  but  as,  in  the  prefent  cafe,  there  is  no 
real  concurrence  of  rays,  we  call  this  point,  the  ima- 
ginary focus  of  the  concave  lens ;  fome  authoi-s  like- 
wife  denominate  it  the  point  of  difperfion^  becaufe  the 
rays,  refrafted  by  the  glals,  appear  to  be  difperfed 
from  this  point. 

Concave  lenfes,  then,  have  no  real  focus,  like  the 
convex,  but  only  an  imaginary  focus,  the  diftance  of 
which  from  the  lens  A  o  is,  however,  denominated 
the  focal  diftance  of  this  lens,  and  ferves,  by  means 
of  a  rule  fimilar  to  that  which  is  laid  down  for  con- 
vex lenfes,  to  determine  the  place  of  the  image,  when 
the  objeft  is  not  infinitely  diftant.  Now  this  image 
is  always  imaginary,  whereas  in  the  cafe  of  convex 
lenfes,  it  becomes  fo  only  when  the  object  is  nearer 
than  the  diftance  of  the  focus.  Without  entering 
into  the  explication  of  this  rule,  which  refpefts  cal- 
culation  merely,  it  is  fufficient  to  remark : 

I.  When  the  objeft  O  P  is  infinitely  diftant,  the 
imaginary  image  o  p\&  reprefented  at  the  focal  dif- 
tance of  the  concave  lens,  and  this  too  on  the  fame 
fide  with  the  objed.  Neverthelefs,  though  this 
image  be  imaginary,  the.  eye  placed  at  E  is  quite  as 
much  aflfefted  by  it  as  if  it  were  real,  conformably 
to  the  e:?tplanation  given  on  the  fubjed  of  convex 

lenfes. 
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kiifes,  when  the  object  is  nearer  the  lens  than  it^s 
local  diftancc. 

11.  On  bringing  the  objeft  O  P  nearer  to  the  lens, 
it's  image  op  will  like  wife  approach  nearer,  but  in 
fuch  a  manner,  that  the  image  will  always  be  nearer 
to  the  lens  than  the  object  is ;  whereas,  in  the  cafe 
of  convex  lenfes,  the  image  is  more  diftant  from  the 
lens  than  the  object.  In  order  to  elucidate  this  more 
clearly,  let  us  fuppofe  the  focal  diilance  of  the  con* 
cave  lens  to  be  6  inches* 


If  the  Diilarc!  of  the  Objea: 
O  /Vis 


Infinite 

12 
6 

2 


The  Diftance  of  the  Imasrc 
0  A  will  be 


6 

5 

4 

3 

2 

I 

I  and  a  half. 


lH.  By  the  hmt  nile  you  may  always  determine 
the  magnitude  of  the  imaginary  image  op^  You 
draw  from  the  middle  of  the  lens  a  ftraight  line,  to 
the  extremity  of  the  object  P,  which  will  pafs  through 
the  extremity  p  of  the  image.  For,  fince  the  line 
P  A  reprefents  a  ray  coming  from  the  extremity  of 
the  object,  this  fame  ray  muft,  after  the  refraction, 
pafs  through  the  extremity  of  the  image ;  but,  as 
this  ray  P  A  paffes  through  the  middle  of  the  lens,  it 
undergoes  no  refraction;  therefore  it  muft  itfelf 
pafs  through  the  extremity  of  the  image,  at  the 
point  y>. 

IV.  This 
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IV.  This  image  is  not  reverfed,  but  in  the  fame 
pofition  with  the  objeft ;  and  it  may  be'  laid  down 
as  a  general  rule,  that  whenever  the  image  falls  on 
the  fame  fide  of  the  lens  that  the  objeA  is,  it  is  al- 
ways reprefented  upright,  whether  the  lens  be  con- 
vex or  concave  ;  but  when  reprefented  on  the  other 
fide  of  the  lens,  it  is  always  reyerfed ;  and  this  can 
take  place  only  in  convex  lenfes. 

V,  It  is  evident,  therefore,  that  the  images  repre- 
fented by  concave  lenfes  are  dways  fmaller  than  the 
objefts ;  the  reafon  is  obvious,  the  image  is  always 
nearer  than  the  objeft ;  you  have  only  to  look  at 
the  figure  to  be  fatisfied  of  this  truth.  Thefe  are 
the  principal  properties  to  be  remarked  refpefting 
the  nature  of  concave  lenfes,  and  the  manner  in  which 
objects  are  reprefented  by  them. 

It  is  now  eafy  to  comprehend  how  concave  glafles 
tnay  be  rendered  effentially  ferviceable  to  perfons 
whofe  fight  is  fhort.  You  are  acquainted  with  fomc 
who  can  neither  read  nor  vtTite  without  bringing  the 
paper  almofl  dofe  to  their  nofe.  In  order,  therefore, 
to  their  feeing  diftinftly,,  the  object  mufl  be  brought 
very  near  to  the  organ  of  vifion ;  I  think  I  have  for- 
merly remarked  that  fuch  perfons  are  denominated 
Miopes.  Concave  lenfes,  then,  may  be  made  of  great 
ufe  to  them,  for  they  reprefent  the  mofl  diflant  ob- 
jefts  as  very  near  :  the  image  not  being  farther  from 
fiich  glafles  than  their  focal  distance,  which,  for  the 
mofl  part,  is  only  a  few  inches.  ' 

Thefe  images,  it  is  true,  are  much  fmaller  than  the 
objects  themfelves:  but  this ;  by  no  means  prevents 

diftinclncfs 
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diftindnefs  of  vifion.  A  finall  objcd  near,  may  ap- 
pear greater  than  a  very  large  body  at  a  diftance.  In 
fad,  a  iwo-dreyer  piece*!  appears  to  the  eye  greater 
than  a  ilar  in  the  heavens^  though  that  fbr  far  ex- 
ceed the  earth  in  magnitude. 

Perfons  whofe  fight  is  fhort,  or  Miopes^  have  oo 
cafiony  then,  for  glaifes  which  reprefent  objeds  as 
nearer ;  fuch  are  concave  lenies*  And  thofe  whofe 
fight  is  long,  or  Pr^/JiV^x,  need  convex  glafies,  which 
reprefent  to  them  objed^s  at  a  greater  difiance. 

.  ibtb  Ja/majy,  1762. 

LETTER   LXXXIV. 

Of  apparent  Magnitude^  of  the  Vlfual  Angle ^  and  of 

Microf copes  in  general 

I  HAVE  been  remarking,  that  Miopes  are  obliged 
to  make  ufe  of  concave  glaffes  to  aflift  their  vifion 
of  diftant  objeds,  and  that  Prejbites  employ  convex 
glaflbs  in  order  to  a  more  diftinft  vifion  of  fuch  as 
are  near :  each  fight  has  a  certain  extent,  and  each 
requires  a  glafs  which  fliall  reprefent  objefts  perfectiy^ 
This  diftance  in  the  Miopes  is  very  fmall,  and  in  the 
Prejbites  very  great :  but  there  are  eyes  fo  happily 
conformed,  as  to  fee  nearer  and  more  diftant  objeds 
equally  well. 

Never thelefs,  of  whatever  nature  any  perfon's  fight 
may  be,  this  diftance  is  never  very  fmall :  there  is  no 

*  A  fmall  (liver  coin,  fomewhat  bigger  than  the  pupil  of  the 
eye,  in  value  the  forty-eighth  part  ofacro\vn. 

Miope 
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MIope  capable  of  feeing  diftinftly  at  the  diftance  of 
lefs  than  ah  inch ;  yoii  'inufl  .have  oWerved,  that 
when  the  objeft  is  brought  too  clofe  to  the  eye,  it 
has  a  very  confufed  appearance ;  this  depends  on  the 
ftrufture  of  the  organ,  which  is  fuch  in  the  human 
fpecics,  as  not  to  admit  of  their  feeing  objefts  very 
near.  To  infefts,'on  the  contrary,  very  diftant  ob- 
jefts  are  invifible,  while  thtf  cafily  fee  fuch  as.  arc 
nearer.  I  do  not  believe  that  a  fly  is  capable  of.  fee- 
ing the  ftars,  becaufe  it  can  fee  extremely  well  at  the 
diftance  of  the  tenth  part  of  an  inch,  a  diftance  at 
which  the  human  eye  can  diflinguifii  abfolutely  no* 
thing.  This  leads  me  to  an  explanation  of  the  mi- 
crofcope,  which  reprefents  to  us  the  finalleft  object 
as  if  it  were  very  great.  , 

In  order  to  convey  a  juft  idea  of  it,  I  muft  entreat 
you  carefully  to  diftinguifli  between  the  apparent 
and  the  real  magnitude  of  every  object.  Real  mag- 
nitude conftitutes  the  object  of  geometry,  and  is  in- 
variable as  long  as  the  body  remains  in  the  fame 
ftate.  But  apparent  magnitude  admits  of  infinity 
variety,  though  the  body  i;nay  remain  always  the 
fame.  The  ftars,  accordingly,  appear  to  us  extremely 
fmall,  though  their  real  magnitude  is  prodigious,  be- 
caufe we  are  at  an  immenfe  diftance  from  them.J^ 
Were  it  poffible  to  apprcmch  4:hem,  they  would  ap- 
pear greater,  from  which  you  will  conclude,  that  the 
apparent  magnitude  dfe|)efid^  on  the  angle  formed 
in  our  eyes,  by  the^  rays  which  proceed  from  the  ex* 
tremities  of  the  objeft.      '      ^  ^ 

Let  VOqCpfiiter-1iy'fs~:4>J  be-  the  objeta  of  vi- 

fion. 
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fion,  wliich,  if  the  eye  were  placed  at  A,  would  ajT 
pear  under  the  angle  P  A  Q,  called  the  vifual  angle, 
and  which  indicates  to  us  the  apparent  magnitude  of 
the  objeA ;   it  is  eiddent,  on  infpedling  the  figure^ 
that  the  farther  the  eye  withdraws  from  the  objeft^ 
the  fmaller  this  angle  becomes,  and  that  it  is  poflible 
for  the  greateft  bodies  to  appear  to  us  under  a  very 
finall  vifual  angle,  provided  our  diftance  from  them 
be  very  great,  as  is  the  cafe  with  the  ftars.  But  when 
the  eye  approaches  nearer  to  the  objeft,  and  looks  at 
it  from  B,  it  will  appear  under  the  vifual  angle  P  B  Q, 
which  is  evidently  greater  than  P  A  Q.    Let  the  eye 
advance  ftill  forward  to  C,  and  the  vifual  angle 
P  C  Q  is  ftill  greater.   Farther,  the  eye  being  placed 
at  D,  the  vifual  angle  will  be  P  D  Q ;  and  on  advan- 
cing forward  to  E,  the  vifual  angle  will  be  P  E  Q^ 
always  greater  and  greater.    The  nearer,  therefore, 
the  eye  approaches  to  the  objeft,  the  more  the  vi- 
fual angle  increafes,  and  confequently  likewife  the 
apparent  magnitude.    However  fmall  the  objeft  may 
be,  it  is  poflible,  therefore,  to  increafe  it's  apparent 
magnitude  at  pleafure,  you  have  only  to  bring  it  fo 
near  the  eye  as  is  necefiary  to  form  fuch  a  vifual 
angle.     A  fly  near  enough  to  the  eye  may,  of  con- 
fequence,  appear  under  an  angle  as  great  as  an  ele- 
phant at  the  diftance  of  ten  feet.    In  a  comparifon 
of  this  fort,  we  muft  take  into  the  account  the  dif- 
tance  at  which  we  fuppofe  the  elephant  to  be  viewed  : 
unlefs  this  is  done,  we  aflirm  abfolutely  nothing ;  for 
an  elephant  appears  great  only  when  we  are  not  very 
far  from  it ;  at  the  diftance  of  a  mile,  it  would  be 

impoflible, . 
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impoffibk,  perhaps,  to  diiUnguiih  an  elephant  from  a 
pig ;  and,  tranfported  to  the  moon,  he  would  be- 
come abfolutely  invifible ;  and  I  might  afirm^  with 
truth,  that  a  fly  appeared  to  me  greater  than  an  ele- 
phant, if  the  latter  was  removed  to  a  very  confider- 
able  diftance.  Accordingly,  if  we  would  exprefi 
ourfelves  with  precilion,  we  muft  not  fpeak  of  the 
apparent  magnitude  of  a  body,  without  taking  dif- 
tance likewife  into  the  account,  as  the  fame  body 
may  appear  very  great  or  very  fmall,  according  as  it's 
diftance  is  greater  or  lefs.  It  is  very  eafy,  then,  to 
fee  the  fmalleft  bodies  under  very  great  vifual  angles ; 
they  need  only  to  be  placed  very  clofe  to  the  eye. 

This  expedient  may  be  well  enough  adapted  to  a 
fly,  but  the  human  eye  could  fee  nothing  at  too  fmall 
a  diftance,  however  fliort  it*s  fight  may  be ;  befides, 
perfons  of  the  beft  fight  would  wifli  to  fee  likewife 
the  fmalleft  objefts  extremely  magnified*  The  thing 
required,  then,  is  to  find  the  means  of  enabling  us 
to  view  an  objeft  diftinftly,  notwithftanding  it's 
great  proximity  to  the  eye.  Convex  lenfes  render 
us  this  fcrvice,  by  removing  the  image  of  objefts 
which  are  too  near. 

Let  a  very  fmall  convex  lens  M  N  be  employed, 
(plate  VILJig^  2.)  the  focal  diftance  of  which  fliall  be 
half  an  inch  ;  if  you  place  before  it  a  fmall  object 
O  P,  at  a  diftance  fomewhat  lefs  than  half  an  inch, 
the  lens  will  reprefent  the  image  of  it  o  p^  as  far  off 
as  could  be  wiflied.  On  placing  the  eye,  then,  be- 
hind  the  lens,  the  objeft  will  be  feen  as  if  it  were  at 
^,  and  at  a  fufficient  diftance,  as  if  it's  magnitude 

Vol.  II.  Z  were 
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wore  op :  as  the  eye  is  fuppofed  very  near  the  lenat, 
the  vifoapl  angle  will  be  ^  /  0,  that  is  the  iame  as 
P  /  O,  under  which  the  naked  eye  would  fee  the  ob« 
jeft  O  P  in  that  proximity  ;  but  the  vifion  is  become 
diftind  by  m^ns  of  the  lens :  fuch  is  the  principle  on 
which  microfcopes  are  confiru6led« 

igih  Jaftuaty,  1762. 

LETTER    LXXXV. 

Eftimation  of  the  Magnitude  of  Objects  viewed  through- 

the  Micro/cope. 

WHEN  feveral  perfons  view  the  fame  objeft 
through  a  microfo^^  the  foot  of  a  fly,  for 
exam]^k,  they  all  agree  that  they  fee  it  greatly  mag- 
nified, but  their  judgment  rei^£ting  the  real  mag- 
nitude will  vary :  one  will  fay,  it  appears  to  him  as 
large  as  that  of  a  horfe ;  another,  as  that  of  a  goat ; 
a  third,  as  that  of  a  cat.  No  one,  then,  advances  any 
thing  pofitive  on  the  fubjeft,  unlefs  he  adds,  at  what 
diftance  he  views  the  feet  of  the  horfe,  the  goat,  or 
the  cat.  They  all  mean,  therefore,  without  expreffing 
it,  a  certain  diftance  which  is  undoubtedly  different ; 
confeq^uendy  there  is  no  reafon  to  be  furprisjed  at  the 
variety  oT  the  judgments  which  they  pronounce,  as 
the  foot  of  a  horfe,  viewed  at  a  diftance,  may  very 
well  appear  no  bigger  than  that  of  a  cat,  viewed  near 
to  the  eye.  Accordingly,  when  the  queftion  is  to  be 
decided.  How  much  does  the  microfcope  magnify  an 
objeft  ?  we  muft  accuftom  ourfelves  to  a  more  accu- 
rate 
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rate  mode  of  expreffion^  and  particularly  to  fpecify 
the  diftance,  in  the  comparifon  which  we  mean  ta 
infHtute. 

It  is  improper,  therefore,  to  compare  the  appear- 
aiices  prefented  to  us  by  the  microfcope,  with  objefts 
of  another  nature,  which  we  are  accuftomed  to  view 
fometimes  near,  and  fometimes  at  a  diftance.  The 
moft  certain  method  of  regulating  this  eftimation 
feems  to  be  that  which  is  actually  employed  by  authors 
who  treat  of  the  microfcope.  They  compare  a  fmall 
objeft  viewed  through  the  microfcope  with  the  ap* 
pearance  which  it  would  prefent  to  the  naked  eye, 
on  being  removed  to  a  certain  diftance ;  and  they 
have  determined,  that,  in  order  to  contemplate  fuch 
{mall  objefl:  to  advantage  by  the  naked  eye,  it  ought 
to  be  placed  at  the  diftance  of  eight  inches,  which  is 
the  ftandard  for  good  eyes,  for  a  fliort-fighted  perfon 
would  bring  it  clofer  to  the  eye,  and  one  far-fighted 
would  remove  it.  But  this  diflference  does  not  afFeft 
the  reafoning,  provided  the  regulating  diftance  be 
fettled ;  and  no  reafon  can  be  afligned  for  fixing  on 
any  other  diftance  than  that  of  eight  inches,  the  dif- 
tance received  by  all  authors  who  have  treated  of  the 
fubjefl:.  Thus,  when  it  is  faid  that  a  microfcope  mag- 
nifies the  objeft  a  hundred  times,  you  are  to  under- 
ftand  that,  with  the  affiftance  of  fuch  microfcope,  ob- 
jects appear  a  hundred  times  greater  than  if  viewed 
at  the  diftance  of  eight  inches,  and  thus  you  will 
form  a  juft  idea  of  the  efFeft  of  a  inicrofcope. 

In  general,  a  microfcope  magnifies  as  many  times 
as  an  objeft  appears  largfer  than  if  it  were  viewed 

Z  2  without 
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without  the  aid  of  the  glais,  at  the  diftance  of  eight 
inches.  You  will  readily  admit  that  the  e£Fe6t  is  fur- 
prizing,  if  an  objecl  is  made  to  appear  even  a  hundred 
times  greater  than  it  would  to  the  naked  eye,  at  the 
diftance  of  eight  inches :  but  it  has  been  carried  much 
farther,  and  microfcopes  have  been  conftru6ted, which 
magnify  five  hundred  times,  a  thing  almoft  incredible. 
In  fuch  a  cafe  it  might  be  with  truth  affirmed,  that 
the  leg  of  a  fly  appears  greater  than  that  of  an  ele- 
phant. Nay  I  have  full  convidion,  that  it  is  poflible 
to  conilrud  microfcopes  capable  of  magnifying  one 
thoufand^  or  even  two  thoufand  times,  which  would 
undoubtedly  lead  to  the  difcovery  of  many  things 
hitherto  unknown. 

But  when  it  is  affirmed,  that  an  objed  appears,r 
through  the  microfcopc,  a  hundred  times  greater 
than  when  viewed  at  the  diftance  of  eight  inches,  it 
b  to  be  underftood  that  the  objed  is  magnified  as 
much  in  length,  as  in  breadth  and  depth,  fo  that  each 
of  thefe  dimenfions  appears  a  hundred  times  greater* 
You  have  only,  then,  to  conceive,  at  the  diftance  of 
eight  inches,  another  objeft  fimilar  to  the  firft,  but 
whofe  length  is  a  hundred  times  greater,  as  well  at 
it*s  breadth  and  depth,  and  fuch  will  be  the  image 
viewed  through  the  microfcope.  Now,  if  the  length, 
the  breadtli  and  depth  of  an  objeA,  be  a  hundred 
times  greater  than  thofe  of  another,  you  will  eafily 
perceive  that  the  whole  extent  will  be  much  more 
than  a  hundred  times  greater.  In  order  to  put  this 
in  the  cleareft  light,  let  us  conceive  two  parallelograms 
A  B  C  D,  and  EF  G  H,  (phte  VIL  Jig.  3.^  of  the 

fame 
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fame  breadth,  but  that  the  length  of  the  firft  A  B, 
fliall  be  five  times  greater  than  the  length  of  the  other 
E  F ;  it  is  evident  that  the  area,  or  fpace  contained 
in  the  firft,  is  five  times  greater  than  that  contained 
in  the  other,  as  in  faft  this  laft  is  contained  five  times 
in  the  firft.  To  render,  then,  the  parallelogram  A  D, 
five  times  greater  than  the  paralldogram  E  H,  it 
is  fufficient  that  it*s  length  A  B  be  five  times  greater, 
the  breadth  being  the  fame ;  and  if,  befides,  the 
breadth  were  likewife  five  times  greater,  it  would  be* 
come  five  times  greater  ftill,  that  is  five  times  five 
times,  or  twenty-five  times  greater.  Thus,  of  two 
furfaces,  if  the  one  be  five  times  longer  and  -fiye 
times  broader  than  the  other,  it  is,  in  fact,  twcntySfe;  ^ 
five  times  greater. 

If  we  take,  farther,  the  height  or  depth  into  the 
account,  the  increafc  will  be  ftill  greater.  Conceive 
two  apartments,  the  one  of  which  is  five  times 
longer,  five  times  broader  and  five  times  higher  than 
the  other ;  it's  contents  will  be  five  timeS  25  times, 
that  is  I  i^5  times  greater^  When,  therefore,  it  is 
faid  that  a  microfcope  magnifies  1 00  times,  as  this  is 
to  he  luaderftood  not  only  of  length,  but  of  breadth 
and  depth,  or  thicknefs,  that  is  of  three  dimenfions, 
the  whole  extent  of  the  object  will  be  increafed  100 
times  100  times  100  times  ^  now  100  times  100  make 
10,000,  which  taken  again  100  times  make  1,000,000; 
thus  when  a  microfcope  magnifies  100  times,  the 
whole  extent  of  the  objeft  is  reprefented  |  ,000,000 
times  greater.  We  fatisfy  ourfelves,  however,  with 
faying  that  the  microfcope  magnifies  1 09  timei^ ;  but 

Z3  it 
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it  is  to  be  underftood  that  all  the  three  dimenfionSy 
namely,  length,  breadth,  and  depth  are  reprefented 
loo  times  greater.  If  then  a  microfcope  ihould 
magnify  i  ooo  times,  the  whole  extent  of  the  objeft 
would  become  looo  times  looo  times  loco  times 
greater,  which  makes  1 000,000,00 ^,  or  a  thoii£uid 
millions :  a  mod  aftonifhing  effed !  This  remark  is 
neceffary  to  the  formation  of  a  juft  idea  of  what  is 
faid  refpefting  the  power  of  microfcopes. 

9  3</  January^  1762. 

LETTER    LXXXVI. 

Fundamental  Propoftfion  for  the  ConJiruSlion  of  Simple 
Microfcopes.     Plan  offome  Simple  Microfcopes. 

HAVING  explained  in  what  manner  we  are  en- 
abled to  judge  of  the  power  of  microfcop^, 
it  will  be  eafy  to  unfold  the .  fundamental  principle 
for  the  conftruftion  of  firaple  microfcopes.  And 
here  it  may  be  neceffary  to  remark,  that  there  are 
two  kinds  of  microfcopes  ;  feme  confifting  of  a  fingle 
lens,  others  of  two  or  more,  named,  accordingly, 
fimple  or  compound  microfcopes,  and  which  require 
particular  elucidations.  I  Ihall  confine  myfelf,  at 
prefent,  to  the  fimple  microfcope,  which  cpnfifts  of  a 
£ngle  convex  lens,  the  effect  of  which  is  determined 
by  the  following  propofition  :  A  fimple  microfcope  mag- 
nifies as  7nany  times  as  if  s  focal  diflance  is  nearer  than 
eight  inches.    The .  demonftration  follows. 

Let  M  N,  (plate  VIL  fig*  4.  J  be   a  convex  lens, 
whofe  focal  diftance,  at  which  the  objed  O  P  muft 

be 
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be  placed  nearly,  in  order  that  the  eye  may  fee  it 
diftin^iiy,  ihafl  be  C  O;  this  objed  will  be  perceived 
under  the  angle  O  C  P.  But  if  it  be  viewed  at  the 
diftance  of  eight  inches,  it  would  appear  under  an 
angle  as  many  times  finaller  as  the  diftance  of  eight 
inches  furpafles  the  diftance  C  O :  the  objed  will  ap- 
pear, therefore,  as  many  times  greater  than  if  it  were 
viewed  at  the  diftance  of  eight  inches.  Now,  in  con- 
formity to  the  rule  already  eftabliihed,  a  microfcope 
magnifies  as  many  times  as  it  prefents  the  obje£t 
greater  than  if  we  viewed  it  at  the  diftance  of  eight 
inches.  Confequently  a  microfcope  magnifies  as 
many  times  as  it's  focal  diftance  is  lefs  than  eight 
inches.  A  lens,  therefore,  whofe  focal  diftance  is  afi 
inch,  will  magnify  precifely  eight  times ;  and  a  lens 
whofe  focal  diftance  is  only  half  an  indi,  will  inagnify 
fixteen  times.  The  inch  is  divided  into  twelve  parts, 
called  lines ;  half  an  inchj,  accordingly,  contains  fix 
lines;  hence  it  would  he  eafy  to  determine  how 
many  times  every  lens,  whofe  focal  diftange  is  given 
in  line$,  muft  magnify ;  according  to  jthe  following 

table : 

Food  diftance  of  th^  lens  in  UneSf 

12.  8.     6.     4.     3.     2.     1.       f  lines 
magnifies  8.  i2,  i6.  24.  32.  48.  9$.  192  times 

Thus  a  convex  lens,  whofe  focal  diftance  is  one 
Hne,  magnifies  ninety-^fix  times,  and  if  the  difbnce 
be  half  a  line,  the  microfcope  will  magnify  one  hun- 
dred and  ninety-two,  that  is  near  two  hundred  times. 
Were  greater  efied  ftiU  to  be  defired,  lenfes  muft  be 
eooftru&ed  of  a  ftilLfmall^r  focus.  Now,  it  has  been 
'    t  Z  4     -  2lt^^5i^\ 
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already  remarked  that,  in  order  to  conflrud:  a  lens 
of  any  certain  given  focus,  it  is  only  neceflary  to 
make  the  radius  of  each  face  equal  to  that  foc2d  di£> 
tance,  fo  that  the  lens  may  become  equally  convex 
on  both  fides*  I  now  proceed,  then,  to  place  before 
you  (plate  VILJig.  $.)  the  form  of  fome  of  thcfe  lenfes 
or  microfcopes. 

L  The  focal  diftance  of  this  lens  A  ,0  is  one  inch  or 
twelve  lines.  This  microfcope,  therefore,  magnifies^ 
eight  times. 

II.  The  focal  diftance  of  the  lens  M  N  is  eight  lines. 
This  microfcope  magnifies  twelve  times. 

III.  The  focal  diftance  of  the  lens  M  N  is  fix  lines* 
This  microfcope  magnifies  fixteen  times. 

IV.  The  focal  diftance  of  this  lens  is  four  lines  ; 
and  fuch  a  microfcope  magnifies  twenty-four  times. 

V.  The  focal  diftance  here  is  three  lines.  This  mi- 
crofcope magnifies  thirty -two  times. 

VI.  The  focal  diftance  here  is  two  lines.  This  mi- 
crofcope  magnifies  forty-eight  times. 

VII.  The  focal  diftance  of  this  lens  15  only  one  line ; 
and  fuch  a  microfcope  magnifies  ninety-fix  times. 

It  is  poflible  to  conftruct  microfcopes  flill  much 
fmaller.  They  are  actually  executed,  and  much  more 
confiderable  efFefts  are  produced  j  whence  it  muft  be 
carefully  remarked,  that  the  diftance  of  the  objeft 
from  the  glafe  becomes  fmaller  and  fmaller,  as  it  muft: 
be  nearly  equal  to  the  focal  diftance  of  the  lens.  I 
fay  nearly y  as  every  eye  brings  the  glafs  clofer  to  it, 
fomewhat  more  or  lefs,  according  to  it's  formation  j 
the  fliort-fighted  apply  it  clofer,  the  far-fighted  lefe 
fo.     You  perceive  then,  that  the  effect-is  greater,  as 

the 
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the  microfcope  or  lens  become  finaUer,  and  the  dofer 
likewife  the  objed  muft  be  applied;  this  is  a  very 
great  inconvenience,  for,  on  the  one  h^xul,  it  is 
trouU^ome  to  look  through  a  glais  do  very  fioaall, 
and,  on  the  other,  becaufe  the  object  muft  be  placed 
fo  near  the  eye.  Attempts  have  been  m^ade  to  re- 
medy this  inconvenience,  by  a  proper  mounting, 
which  may  facilitate  the  ufe  of  it }  but  the  yi&on  of 
the  objed  is  confiderably  difturbed,  as  foon  as  the 
diftance  of  it  undergoes  the  flighteft  change :  and  a$ 
in  the  cafe  of  a  very  imall  lens,  the  objed  muft  almoft 
touch  it,  whenever  the  furface  of  the  objed  is  in  the 
leaft  degree  unequal,  it  is  feen  but  confufedly.  For, 
while  the  eminences  are  viewed  at  the  juft  diftance, 
the  cavities  being  too  far  removed,  muft  be  feen  very 
confufedly.  This  renders  it  neceflary  to  lay  afide 
fimple  microicopis,  when  we  wifh  to  magnify  very 
con  Qder ably,  and  to  have,  recourfe  to  the  compound 
microfcope. 

zbtif  January f  1762. 


LETTER  LXXXVn. 

Bounds  y  and  Defers  of  the  Simple  Microfcope. 

YOU  have  now  feen  how  fimple  microfcopes  may 
be  conftruded,  which  £hall  magnify  as  many 
times  as  may  be  defired ;  you  have  only  to  meafure 
oflf  a  ftraight  line  of  eight  inches,  like  that  which  I 
have  marked  A  B,*  (plate  Vll.fig.  6.  J  which  contains 

•  It  being  impoffible  here  to  prefent  a  ftraight  line   of  eight 
inches,  one  of  four  is  employed  for  the  purpole  of  d^h\onftration. 
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prcdfdy  eight  inches  of  the  Rhenifh  fbot,  which  is 
the  ftandard  all  over  Germany.    This  line  A  B  muft 
then  be  ftibdivided  into  as  many  equal  parts  as  cor* 
refpond  to  the  number  of  times  you  wiih  to  mag^ 
nify  the  objeft  propofed,  and  one  of  thefe  psqrts  wDl 
^ye  the  focal  diftance  pf  the  lens  that  is  requifitc.^ 
Thus,  ff  you  wifli  to  mjignify  a  hundred  times ^  you 
muft  t^ike  the  hundredth  part  of  the  line  A  B,  confe- 
quently,  you  muft  conftrud  a  lens  whofe  focal  di£^ 
tance  (hall  be  precifely  equal  to  that  part  A  i ,  \^hich 
wtt)  give,  at  the  fame  time,  ^e  radius  of  the  furfaces 
qf  the  lens  reprefented  in  article  VII,  of  the  preceding 
^gi^re^    Hence  it  is  evident,  that  the  greater  the 
eStSt  we  mean  to  poduce,  the  fmaUer  muft  be  the 
lens,  as  well  a;^  the  focal  diftance  at  y^hich  the  objeft 
O  P  muft  be  placed  before  the  lens,  whije  the  eye  i§ 
applied  behind  it :  and  if  the  lens  were  to  be  made 
twice,  fmaller  than  what  I  have  now  defcribed,  in 
order  to  magnify  two  hundred  times,  it  would  be- 
come fo  minute,  as  almoft  to  require  a  microfcope  to 
fee  the  lens  itfelf  j  belides  it  would  be  neceffary  to 
approach  fo  cipfe,  as  almoft  toi  touch  the  lens,  which, 
as  I  have  already  obferved,  would  be  very  inconve- 
pient.     The  effed  of  the  microfcope,  therefore,  could 
hardly  be  carried  beyond  two  hundred  times }  which 
is  by  no  means  fufficient  for  the  inveftigation  of  many 
pf  the  minuter  produftions  of  nature.    The  pureft 
Tvater  contains  fmall  animalcules,  which,  though  mag- 
nified two  hundred  times,  ftiU  appear  no  bigger  than 
fleas ;  and  a  microfcope  which  fliould  magnify  20,000 
times,  would  be  neceflary  to  magnify  their  appear- 
ance to  the  fize  of  a  rat,  and  we  are  far  from  reach«^ 
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ing  this  degree,  even  with  the  affifiaiice  of  the  comi* 
pound  micrpfcope. 

But  befides  the  inconveniences  attending  the  ufe 
of  fimple  microfcopes  which  have  been  abready 
pointed  out,  all  thofe  who  employ  them,  with  a  view 
to  very  great  effeft,  complain  of  another  confiderablc 
4efect ;  it  is  this,  the  more  that  objefts  are  magnified, 
the  more  pbfcure  they  appear  j  they  feem  as  if  viewed 
in  a  very  faint  light,  or  by  moon-light,  fo  that  you 
can  hardly  diftinguifh  any  thing  dearly.  You  will 
not  be  furprized  at  this,  wtcn  you  recpUeft,  that  the 
light  pf  the  £^11  niopn  is  more  ^an  twp  l^undred 
thoufend  time^  fainter  than  that  qf  the  fun. 

It  is  of  much  importance,  therefore,  to  explain 
whence  this  diminution  of  light  proceeds.  We  can 
eafily  comprehend;  that  if  the  rays  which  proceed 
from  a  very  fmall  objeft  muft  reprefent  it  to  us,  as 
if  it  were  much  larger,  this  fmall  quantity  of  light 

would  not  be  fufEcient.     But,  however  well  founded 

•.        •     ■       -  , .     •  *       *  .   ' 

this  reafoning  may  appear,  it  wants  folidity,  and 
throws  only  a  falfe  light  on  the  queftiop.  For  if  the 
lens,  as  it  proceeded  in  magnifying,  neceffarily  pro- 
duced a  diminution  of  clearnefs,  this  muft  Ijkewifc 
be  perceptible  in  the  fmalleft  efFefts ;  even  fuppofing 
it  were  not  to  fo  high  a  degree ;  but  you  may  mag- 
nify up  to  fifty  times  without  perceiving  the  leaft  ap- 
parent diminution  of  light,  which,  however,  ought 
to  be  fifty  times  fainter,  if  the  reafon  adduced  were 
juft.  We  muft  look  elfewhere,  then,  for  the  caufo 
of  this  phenomenon,  and  even  refort  to  the  firft  prin- 
ciples of  viiion. 

I  muft 
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I  muft  entreat  you,  then,  to  recollecl  what  I  have 
'  already  fuggefted  refpefting  the  ufe  of  the  pupil,  or 
that  black  aperture  which  we  fee  in  the  eye  at  the 
middle  of  the  iris.     It  is  through  this  aperture  that 
the  rays  of  light  are  admitted  into  the  eye ;  accord- 
ingly, the  larger  this  aperture  is,  the  more  rays  are 
admitted.  We  muft  here  confider  two  cafes,  in  which 
objefts  are  very  luminous  and  brilliant,  and  in  w^hicl 
they  ar^  illuminated  by  only  a  very  faint  light,     h 
the  firft,  the  pupil  contrafts  of  itfelf,  without  any  ad 
of  the  will,  and  the  Creator  has  beftowed  on  it  tii 
faculty,  in  order  to  preferve  the  interior  of  the  eye 
from  the  too  dazzling  eflfed  of  light,  which  would 
infallibly  injure  the  nerves.     Whenever,  therefore, 
we  are  expofed  to  a  very  powerful  light,  we  obfcrvc  ' 
that  the  pupil  of  every  eye  contrafts,  to  prevent  the 
admiflion  of  any  more  rays  into  the  eye  than  are  ne- 
ceffary  to  paint  in  it  an  image  fufficiently  luminous* 
But  the  contrary  takes  place  When  we  are  in  the  dark  ; 
the  pupil,  in  that  cafe,  expands  to  admit  the  light  in 
a  greater  quantity*     This  change  is  eafily  perceptible 
every  time  we  pafs  from  a  dark  to  a  luminous  fitua- 
tion.     With  refped  to  the  fubjecl  before  us,  I  confine 
myfelf  to  this  circumftance,  that  the  more  rays  of 
light  are  admitted  into  the  eye,  the  more  luminous 
will  be  the  image  tranfmitted  to  the  retina,  and  re- 
ciprocally, the  fmaller  the  quantity  of  rays  which 
enter  the  eye,  the  fainter  does  the  image  become,  and 
confequently  the  more  obfcure  does  it  appear.     It 
may  happen,  that  though  the  pupil  is  abundantly  ex- 
panded, a  few  rays  only  fhall  be  admitted  into  the 

eye. 


SIMPLE  MICROSCOPE,  349 

eye.  You  have  only  to  prick  a  little  hole  in  a  card 
with  a  pin,  and  look  at  an  objeft  through  it;  and 
then,  however  ftrongly  illuminated  by  the  fun,  the 
object  will  appear  dark  in  proportion  as  the  aperture 
is  fmall,  nay,  it  is  poffible  to  look  at  the  fun  itfelf> 
employing  this  precaution.  The  reafon  is  obvious, 
a  few  rays  only  are  admitted  into  the  eye :  however 
expanded  the  pupil  may  be,  the  pin-hole  in  the  card 
determines  the  quantity  of  light  which  enters  the 
eye,  and  not  the  pupil,  which  ufually  performs  that 
function. 

The  fame  thing  takes  place  in  the  microfcopes 
which  magnify  very  much ;  for  when  the  lens  is  ex- 
tremely fmall,  a  very  few  rays  only  are  tranfmitted, 
zsmn  (opiate  VIL  ^g.  8.)  which  being  fmaller  than 
the  aperture  of  the  pupil,  make  the  objefl:  appear 
fo  much  more  obfcure ;  hence,  it  is  evident,  that  this 
diminution  of  light  takes  place  only  when  the  lens 
M  N,  or  rather  it's  open  part,  is  fmaller  than  the 
pupil.  If  it  were  poffible  to  produce  a  great  magni- 
fying  effect  by  means  of  a  greater  lens,  this  obfcurity 
would  not  take  place ;  and  this  is  the  true  folution  of 
the  queftion.  In  order  to  remedy  this  inconveni- 
ence, in  the  great  effefts  of  the  microfcope,  care  is 
taken  to  illuminate  the  objeft  as  ftrongly  as  poffible, 
to  give  gi'eater  force  to  the  few  rays  which  are  con- 
veyed into  the  eye.  To  this  effeft  objefts  are  illu- 
minated by  the  fun  itfelf,  mirrors  likewife  are  em* 
ployed,  which  reflect  on  them  the  light  of  the  fun. 
Thefe  are,  nearly,  all  the  circumftances  to  be  con- 
lidered  refpefting  the  fimple  microfcope,  and  by  thefe 

you 


550  ON  TELESCOPES, 

you  will  eafily  form  a  judgment  of  the  effeA 
thofe  which  you  may  have  occafion  to  inipef):. 

^Oth  Jamtaryy  1 762 . 
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LETTER    LXXXVm. 

On  Tele/copes^  and  their  Effeit. 

T3  EFORE  I  proceed  to  explain  the  conftrudipn  of 
-*-'  compound  microfcopes,  a  digreffion  re^dUng 
the  telefcope  may  perhaps  be  acceptable.  Thefe  two 
inftruments  have  a  very  intimate  connection :  the 
one  greatly  affifts  the  elucidation  of  the  othcr^  As 
microfcopes  ferve  to  aid  us  in  contemplating  xlearer 
obgeAs,  by  reprefenting  them  under  a  much  greater 
angle  than  when  viewed  at  a  certain  diftance,  laj 
eight,  inches ;  fo  the  telefcope  is  employed  to  afiifi 
our  obfervation  of  very  diftant  objeAs,  by  repre- 
fenting them  under  a  greater  angle  than  that  which 
they  prefent  to  the  naked  eye.  Inftruments  of  this 
fort  are  known  by  feveral  names,  according  to  their 
fize  and  ufe ;  but  they  muft  be  carefully  diftinguiihed 
from  the  glafles  ufed  by  aged  perfons  to  relieve  the 
decay  of  fight. 

A  telefcope  magnifies  as  many  times  as  it  repre- 
fents  objecls  under  an  angle  greater  than  is  prefented 
to  the  naked  eye.  The  moon,  for  example,  appears 
to  the  naked  eye  under  an  angle  of  half  a  degree, 
confequently,a  telefcope  magnifies  one  hundred  times, 
when  it  reprefents  the  mopn  under  an  angle  of  fifty 
degrees,  which  is  one  hundred  times  greater  than 

1  half 
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half  a  degree.  If  it  magnified  two  hundred  times,  it 
would  reprefent  the  moon  under  an  angle  of  one 
hundred  degrees :  and  the  moon  would,  in  that  cafe, 
a{^ear  to  fill  more  than  half  of  the  vifible  heavens, 
whofe  whole  extent  is  only  one  hundred  and  eighty 
degrees. 

In  common  language,  we  fay  that  the  tdefcope 
brings  the  object  nearer  to  us.     This  is  a  very  equi- 
vocal mode  of  expreflion,  and  admits  of  two  diflferent 
fignifications.     The  one,  that  on  looking,  through  a 
tdefcope,  we  confider  the  objed  as  many  times  nearer 
as  it  is  magnified.     But  I  have  already  remarked, 
that  it  is  impoflible  to  know  the  diftance  of  objects 
but  by  adual  meafurement,  and  that  fuch  meafure- 
ment  can  be  applied  only  to  objeds  not  greatly  re- 
mote ;  when,  therefore,  they  are  fo  remote  as  is  here 
fuppofed,  the  eftimation  of  diftance  might  greatly 
millead  us.     The  other  fignification,  which  conveys 
the  idea,  that  telefcopes  reprefent  objefts  as  great  as 
they  would  appear,  if  we  approached  nearer  to  thenfi, 
is  more  conformable  to  truth.     You  know  that  this, 
nearer  we  come  to  any  object,  the  greater  becomes 
the  angle  under  which  it  appears  ;  this  explanation, 
accordingly,  reverts  to  that  with  which  I  fet  out. 
When,  however,  we  look  at  well-known  objefts,  fay 
men,  at  a  ^eat  diftance,  and  view  them  through  a 
telefcope  under  a  much  greater  angle,  we  are  led  to 
imagine  fuch  men  to  be  a  great  deal  nearer,  as,  in 
that  cafe,  we  would,  in  efFeft,  fee  them  under  an  angle 
fo  much  greater.     But  in  examining  objefts  lefs  ap- 
proachable, fuch  as  the  fun  and  moon,  no  meafure- 
ment 
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ment  of  diftance  can  take  place.    This  cafe  is  etu 
tirdy  different  from  that  which  I  have  formerly  fub<* 
mitted  to  you,  that  of  a  concave  lens,  employed  by 
near-fighted  perfons,  which  reprefents  the  images  of 
otgeds  at  a  very  fmall  diftance.    The  concave  lens 
which  I  ufe,  for  example,  reprefents  to  me  the  images 
of  all  remote  objeds,  at  the  diftance  of  four  inches ; 
it  is  impoflible  for  me,  however,  to  imagine  that  the 
fun,  moon,  and  fiars  are  fo  near ;  accordingly  we  do 
not  conclude  that  objeAs  are  where  their  images  are 
found  reprefented  by  glaffes :  we  believe  this  as  little 
as  we  do  the  e^dftence  of  objeds  in  our  eyes,  though 
their  images  are  painted  there.    Tou  will  pleafe  to 
recoiled  that  the  eftimation  of  the  real  diftance,  and 
real  magnitude  of  objects,  depends  on  partidilar  dr*- 
cumftances. 

The  principal  end  of  tdefcopes,  then,  is  to  increafe^ 
or  multiply,  the  angle  under  which  objeds  appear  to 
the  naked  eye ;  and  the  principal  diviiion  of  tdefcopes 
is  eftimatcd  by  the  effed  which  they  procure-  Ac- 
cordingly we  lay  fuch  a  tdefcope  magnifies  five,  ano-^ 
ther  ten,  another  twenty,  another  thirty  times,  and 
fo  on.  And  here  1  remark  that  pocket-glaffes  rardy 
magnify  beyond  ten  times ;  but  the  ufual  tdefcopes 
employed  for  examining  very  diftant  terreftriail  ob- 
jeds magnify  from  twenty  to  thirty  times ;  and  their 
length  amounts  to  fix  feet  or  more.  A  fimilar  effed, 
though  very  confiderable  with  regard  to  terreftrial 
objeds,  is  a  mere  nothing  with  refped  to  the  hea- 
venly bodies,  which  require  an  effed  inconceivably 
greater.  We  have,  accordingly,  aftronomical  tde- 
fcopes. 
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fcopes,  which  magnify  from  fifty  to  two  hundred 
times ;  and  it  would  be  difficult  to  go  farther,  as  ac- 
cording to  the  ufual  mode  6f  cotiftruding  them,  the 
greater  the  efieft  is,  the  loilger  they  become.  A  te» 
lefcope  that  fliall  magnify  one  hundred  times  muil  be 
at  leafl  thirty  feet  long ;  and  one  of  a  hundred  feet 
an  length  couid  fcarcely  magnify  two  hundred  times; 
You  mufl  be  fenfible,  therefore,  that  the  difficulty  of 
pointing  and  managing  fuch  an  uhwieldy  machine; 
muft  oppofe  ihfurmountabie  obflacles  to  pufliing  the 
experiiient  farther.  The  famous  Hevelius,  the  aftro- 
nomer  at  Dantzick,  employed  telefcopes  two  hundred 
feet  long ;  but  fuch  irtftriiments  muft,  undoubtedlyi 
have  been  very  defective,  as  the  fame  things  ^e  now 
Idifcovered  by  inftruments  much  fliorter; 

This  is  a  brief  general  defcription  of  telefcopesi 
and  of  the  diffeirent  kinds  ot  them,  which  it  is  of  im- 
portance carefully  to  remark^  befeire  we  enter  into  a 
detail  6f  their  conftruction,  and  of  the  manner  in 
Which  t\?iro  or  more  lenfes  are  united,  in  order  td 
produce  all  the  different  effeft^. 

'id  February  ^  1762. 
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Vf  Pocket-GIaffes. 

'T  71 7E  have  no  certain  information  refpecling  the 

perfon  to  whom  we  are  indebted  for  the  dif- 

covery  of  the  tdefcope  ;  whether  he  were  a  Dutch 

artift,  or  an  Italian  of  the  name  of  Porta.     Whoever 

Vol.  il.  A -a  he 
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will  fee  the  objea  diftinaiy.  The  rays  RS,  RS,  Ixr- 
come  exaftly  parallel  to  each  other,  becaufe  the  con- 
cave lens  has  it*s  focus,  or  ratlier  it's  point  of  diljper- 
fion,  at  F. 

You  have  only  to  recollect  that,  when  parallel 
rays  fall  on  a  concave  lens,  they  become  divergent 
by  refraction,  fo  that  being  produced  backward,  they 
meet  in  the  focus.     This  being  laid  down,  we  have 
only  to  reverfe  the  cafe,  and  to  confider  the  rays  S  R, 
SR,  as  falling  on  the  concave  lens  ;  in  this  cafe  it  is 
certain  they  would  affumc  the  diredlions  R  Q,  R  Q, 
which,  produced  backward,  would  meet  in  the  point 
F,  which  is  the  common  focus  of  the.  convex  and 
concave  lenfes.    Now  it  is  a  general  law,  that  in 
whatever  manner  rays  are  refracted  in  their  pafTage 
ftom  one  place  to  another,  they  muft  always  imdcrgo 
tiie  fame  refractions  in  returning  from  the  laft  to  the 
firft.     If,  therefore,  the  refracted  rays  RQ,  RQ,  cor- 
refpond  to  the  incident  rays  SR,  SR;  then,  recipro- 
cally^ the  rays  QR,  QR,  being  the  incident,  the  re- 
frafted  rays  will  be  RS  and  RS. 

llie  matter  will,  perhaps,  appear  in  a  clearer  light 
Itill,  when  I  fay,  that  concave  lenfes  have  the  power 
of  rendering  parallel  thofe  rays  which,  without  the 
refradion,  would  proceed  to  their  focus.  You  will 
pleafe  carefully  to  attend  to  the  following  laws  of 
refraction,  which  apply  to  both  convex  and  concave 
lenfes. 

1.  By  a  convex  lens  (jlate  VIL  Jig.  ii.)  parallel 
tays  are  rendered  convergent^ 

Convergent 
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Convergent  rays  become  ftill  more  fo,  (jiate  VIIL 
Jig.  1 .)  and  divergent  lefs  divergent. 

II.  By  a  concave  lens  parallel  rays  are  rendered 
divergent*     {Plate  VIIL  fg.  2.) 

Divergent  rays  become  ftill  more  divergent, ^^,  3; 
and  convergent  rays  lefs  convergent* 

All  this  is  founded  on  the  nature  of  rcfraftion,  and 
the  figure  of  the  lenfes,  the  difcuffion  of  which  would 
require  a  very  long  detail ;  but  the  two  rules  wMdi 
I  have  now  laid  down,  contain  all  that  is  effential,; 
It  is  abundantly  evident,  then,  that  v^en  the  convex 
and  the  concave  lenfes  are  fo  combined,  that  they 
acquire  a  common  ibcus  at  F,  they  wiU  diftincUy  re- 
prefent  diftant  objects,  becaufe  the  parallelifm  of  the . 
rays  is  reftored  by  the  concave  lens,  after  the  con- 
vex lens  had  rendered  them  convergent.  In  other 
words,  the  rays  of  very  diftant  objefts,  being  nearly 
parallel  to  each  other,  become  convergent  by  a  con- 
vex lens,  and  afterwards,  the  concave  lens  deftroys 
this  convergency,  and  again  renders  the  rays  parallel 
to  each  other. 

6th  February^  1 762. 
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LETTER    XC, 

On  the  magnifying  Power  of  Pocket  Glaffhs 

^  I  ^HE  principal  article  refpefting  telefcopical  in^ 

-*-    ftruments,  remains  ftill  to  be  explained,  namely, 

their  effeft  in  magnifying  objects.     I  hope  to  place 

^his  in  fo  clear  a  light,  as  to  remove  every  di£Rculty 

Aa  3  in 
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in  which  the  fubjecl  may  be  involved ;  and  for  this 
purpofc  I  fliall  comprize  what  I  have  to  fay,  in  the 
following  propofitions. 

I.  Let  E  e  {plate  VUL  fig.  4.)  be  the  objeft,  fitu- 
ated  on  the  axis  of  the  inftrument  which  pafles  per- 
pendicularly through  both  lenfes  i|i  their  centres. 
This  object  £  e  muft  be  confidered  as  at  an  infinite 
diftance, 

n.  If  then  the  eye,  placed  at  A,  looks  at  this  ob* 
jccl:^  it  will  appear  under  the  angle  E  A  ^,  called  it's 
yifual  angle.  It  will,  accordingly,  be  neceflary  to 
prove,  that  on  looking  at  the  fame  obje6t  through 
the  glafi),  it  will  appear  wder  a  greater  angle,  and 
exaftly  as  many  times  greater  as  the  focal  diftance 
of  the  objective  lens  PAP  exceed^  that  of  the  ecu-, 
lar  QBQ. 

III.  As  the  efFeft  of  all  lenfes  confifts  in  reprefent* 
ing  the  objects  in  another  place,  and  with  a  certain 
magnitude,  wc  have  only  to  Examine  the  images 
which  fhall  be  fucceflively  reprefented  by  the  two 
lenfes,  the  laft  of  which  is  the  immediate  objeft  of 
the  fight  of  the  perfon  who  looks  thrqygh  the  in- 
ftrument. 

IV.  Nov/,  the  object  E  e  being  infinitely  diftant 
from  the  convex  lens  P.x\P,  it's  image  will  be  repre- 
sented tjchind  the  lens  at  F/,  fo.that  AF  fhall  be 
equal  to  the  focal  diftance  of  the  lens  ;  and  the  mag- 
nitude of  this  image  F/is  determined  by  the  ftraight 
line /A  r  drawn  from  the  extremity  of  the  objefifc  e 
through  the  centre  of  the  lens  A,  by  which  we  fee 
that  this  image  is  inverted^  and  as  many  times  fmaller 

than 
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than  the  objeft,  as  the  diftance  AF  is  ftnaller  than 
the  diftance  AE. 

V.  Again,  this  image  F/  holds  the  place  of  the 
'objecl,  relatively  to  the  ocular  lens  QBQ:  as  the 
rays  which  fall  on  this  lens  are  precifely  thofe  which 
would  almoft  form  the  image  F/,  but  are  intercepted 
in  their  progrefs  by  the  concave  lens  QBQ ;  fo  that 
this  image  is  only  imaginary ;  the  efieft,  however, 
is  the  fame  as  if  it  were  real. 

VI.  This  image  F/,  which  we  are  now  confider- 
ing  as  an  objeft,  being  at  the  focal  diftance  of  the 
lens  QBQ,  will  be  tranfported, almoft  to  infinity,  by 
the  refraction  of  this  lens.  The  preceding  figure 
marks  this  new  image  at  G^,  whofe  diftance  AG 
muft  be  conceived  as  infinite,  and  the  rays,  refrafted 
a  fecond  time  by  the  lens  QBQ,  will  purfue  the 
fame  direftion  as  if  they  a<Ehially  proceeded  from  the 
image  G^. 

VII.  This  fecond  image  G  g  being,  then,  the  ob- 
jeft  of  the  perfon  who  looks  through  the  inftrument, 
it's  magnitude  falls  to  be  confidered.  To  this  effeft, 
as  it  is  produced  by  the  firft  image  F/  from  the  re- 
fradtion  of  the  lens  QBQ,  following  the  gei^eral 
rule,  we  have  only  to  draw  through  the  centre  of 
the  lens  B  a  ftraight  line,  which  fliall  pafs  through 
the  point/ of  the  firft  image,  and  that  line  will  mark, 
at  ^,  the  extremity  of  the  fecond  image. 

VIII.  Let  the  fpeftator  now  apply  Jiis  eye  to  B ; 
and  as  the  rays  which  it  receives  purfue  the  fame  di- 
reftion  as  if  they  aftually  proceeded  from  the  image 
fj^,  it  will  appear  to  him  under  the  angle  GB^, 

A  a  4  whicl^ 
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which  is  greater  than  the  angle  £  A  ^,  under  whicl^ 
the  obje<^  £  e  appears  to  the  naked  eye. 

IX.  In  order  the  better  to  compare  thefe  two 
angles,  it  is  evident,  fir  ft,  that  the  angle  £  A  ^  i&  equal 
to  the  angle  FAj^,  being  vertical  angles;  for  the 
iame  reafon  the*  angle  GB^  is  equal  to  the  angle 
FB/,  being  vertical  and  oppofite  at  the  point  B.  It 
remains  to  be  proved,  therefore,  that  the  ang^e 
FB/  exceeds  the  angle  FA/  as  many  time^  as  the 
line  AF  exceeds  the  line  B/;  the  former  of  which, 
AF,  is  the  focal  diftance  of  the  objective,  and  the 
Qther,  BF,  the  focal  diftance  of  the  ocular. 

X.  In  order  to  demonftrate  this,  we  muft  have  re* 
courfe  to  certsun  geometrical  propofitions  refpefting 
the  nature  of  feftors.  You  will  recoiled  that  the 
fe&or  is  part  of  a  circle  contained  between  two  radii 
CM  and  CN,  and  an  arch  or  portion  of  the  circum-' 
ference  MN.  In  a  feftor,  then,  there  are  three  things 
to  be  confidered ;  i .  The  radius  of  the  circle,  C  M 
or  CN :  2.  The  quantity  of  the  arch  MN :  3.  The 
angle  MCN, 

XL  Let  us  now  confider  two  feclors,  MCN  an4 
men  (plate  VIIU  Jig.  5. J  whofe  radii  CM  and  tm 
are  equal  to  each  other  :  now  it  is  demonftrated  in 
the  elements  of  geometry,  that  the  angles  C  and  c 
have  the  fame  proportion  to  each  other,  that  the 
arches  MN  and  ;;/  n  have ;  in  other  words,  the  angle 
C  is  as  many  times  greater  than  the  angle  <r,  as  the 
arch  MN  is  greater  than  the  arch  m  n :  but,  inftead 
of  this  aukward  mode  of  expreffion,  we  fay,  that 

the 
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the  angles  C  and  ^  are  proportional  to  the  archer 
MN  and  m  n,  the  radii  being  equal. 

XII.  Let  tis  likewife  confider  two  feftors,  MCN 
and  men  (Jig.  6. J  whofe  angles  C  and  c  are  equal 
to  each  other,  but  the  radii  unequal :  and  it  is  de-» 
monftrated  in  geometry,  that  the  arch  MN  is  as 
niany  times  greater  than  the  arch  mrij  as  the  radius 
CM  is  greater  than  the  radius  c  m :  or,  in  geome? 
trical  language,  th^  arches  are  in  proportion  to  the 
radii,  the  angles  being  equal.  The  reafon  is  obvious  j 
for  every  arch  contains  as  many  degrees  as  it's  angle ; 
and  the  degrees  of  a  great  circle  exceed  thofe  of  a 
fmall  one  as  many  times  as  the  greater  radius  exr 
ceeds  the  fmailer. 

XIII.  Finally,  let  us  confider  likewife  the  cafe  when, 
as  in  the  two  feftors. MCN  and  men  (fig.  j.)  the 
arches  MN  and  mn  are  equal,  but  the  radii  CM  and 
€  m  unequal. 

In  this  cafe,  the  angle  C,  which  correfponds  to  the 
greater  radius  C  M,  is  the  fmailer,  and  the  angle  Cj 
which  correfponds  to  the  fmailer  radius  c  m^  is  the 
greater,  and  this  in  the  fame  proportion  as  the  radii. 
That  is,  the  angle  c  is  as  many  times  greater  than 
the  angle  C,  as  the  radius  CM  is  greater  than  the 
radius  C7n:  or,  to  fpeak  geometrically,  the  angles 
are  reciprocally  proportional  to  the  radii,  the  arches 
being  equal. 

XIV.  This  laft  propofition  carries  me  forward  to 
my  concliifion,  after  I  have  fubjoined  this  remark, 
that  when  the  angles  are  very  fmall,  as  in  the  cafe 
of  pocket-glaffes,  there  is  no  fenfible  diflFercnce  in  the 

chords 
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chords  of  the  arches  MN  and  m  n^  that  is  of  the 
ftraight  lines  MN,  and  m  n. 

XV.  Having  made  this  remark,  we  return  to^.  4. 
The  triangles  FA/  and  FB/  may  be  confidered  as 
fedors,  in  which  the  arch  F/  is  the  fame  in  both. 
Confequently  the  angle  FB/ exceeds  the  angle  FA/ 
as  often  as  the  diftance  AF  exceeds  the  diftands  BF. 
That  is,  the  object  E  e  wiU  appear  through  the  in- 
ftrument,  under  an  angle  as  many  times  greater  as 
the  focal  diftance  of  the  objeftive  AF  exceeds  the 
focal  diftance  of  the  ocular  BF;  which  was  the  thing 
to  be  demonftrated, 

i^tb  February^  176a. 
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■    Defers  of  Pocket  Glajfes.     Of  the  apparent  Field. 

you  muft  be  fenfible  that  no  great  advantage  is 
to  be  expected  from  fuch  fmall  inftruments  j 
and  it  has  already  been  remarked  that  they  do  not 
ipagnify  objects  above  ten  times.  Were  the  efieft 
to  be  carried  farther,  not  only  would  the  length  be- 
come too  great  to  admit  of  their  being  carried  about 
in  the  pocket,  but  they  would  become  fubjeft  to 
other  and  more  effential  defeats.  This  has  induced 
artifts  entirely  to  lay  afide  glaffes  of  this  fort,  when 
fuperior  efFed  is  required. 

The  principal  of  thefe  defects  is  the  fmallnefs  of 
the  apparent  field ;  and  this  leads  me  forward  to  ex- 
plain an  important  article  relating  to  telefcopes  of 

every 
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every  defcription.  When  a  telefcope  is  direfted  to- 
w'urd  the  heavens,  or  to  very  diftant  objefts  on  the 
earth,  the  fpace  difcovered  appears  in  the  figure  of 
a  circle,  and  we  fee  thofe  objefts  only  which  are  in- 
cluded in  that  fpace ;  fo  that  if  you  wifhed  to  exa- 
mine other  objeds,  the  pofition  of  the  inftrument 
muft  be  altered.  This  circular  fpace,  prefented  to 
the  eye  of  the  fpeftator,  is  denominated  the  apparent 
fiddy  or,  in  one  word,  the  field  of  the  inftrument ; 
and  it  is  abundantly  obvious,  that  it  muft  be  a  great 
advantage  to  have  a  very  large  field,  and  that,  on 
the  contrary,  a  fmall  field  is  a  very  great  inconve- 
nience, in  inftruments  of  this  fort.  Let  us  fuppofe 
two  telefcopes  direfted  toward  the  moon,  by  the 
one  of  which  w5  can  difcover  only  the  half  of  that 
luminary,  whereas  by  the  other  we  fee  her  whole 
body,  together  with  the  neighbouring  ftars ;  the  field 
of  this  laft  is,  therefore,  much  greater  than  that  of 
the  other.  That  which  prefents  the  greater  field  re- 
lieves us  not  only  from  the  trouble  of  frecjuently 
changing  the  pofition,  but  procures  another  very 
great  advantage ;  that  of  enabling  us  to  compare,  by 
viewing  them  at  the  fame  time,  feveral  parts  of  the 
qbjeft,  one  with  another. 

It  is,  therefore,  one  of  the  greateft  perfections  of 
a  telefcope  to  prefent  a  very  ample  field ;  and  it  is, 
accordingly,  a  matter  of  much  importance  to  mea- 
fure  the  field  of  every  inftrument.  In  this  view,  we 
are  regulated  by  the  heavens,  and  we  determine  the 
circular  fpace  feen  through  a  telefcope,  by  meafuring 
it's  diameter  ja^degrees  and  minutes.    Thus,  the  ap- 

parent 
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parent  diameter  of  the  full  moon,  being  about  half 
a  degree,  if  a  telcfcope  takes  in  the  moon  only,  we 
fay  that  the  diameter  of  it's  field  is  half  a  degree ; 
and  if  you  could  fee  at  once  only  the  half  of  the 
moon,  the  diameter  of  the  field  would  be  the  quarter 
pf  2i,  degree. 

The  meafuremcnt  of  angles,  then,  fiirnifhes  the 
means  of  meafuring  the  apparent  field  ;  befide!{,  the 
thing  is  fufiicicntly  clear  of  itfelf.     Suppofing  we 
could  foe  through  the  inftrument  AB  CplaU  VIII^ 
^g.  S.J  only  the  fpace  POP,  and  the  obje6ts  which 
it  contains :  this  fpace  being  a  circle,  it's  diameter 
will  be  the  line  POP,  whofe  middle  point  O  is  in  thq 
axis  of  the  inftrument.     Drawing,  therefore,  from 
the  extremities  PP  the  ftraight  lines  PC,  PC,  the 
angle  PGP  will  exprefs  the  diameter  of  the  apparent 
field,  and  the  half  of  this  angle  OCP  is  denominate<i 
the  femi-diameter  of  the  apparent  field  of  fuch  an 
inftrument.     You   will  pcrfeftly  comprehend  the. 
meaning,  then,  wheo  it  is  faid  that  the  diameter  of 
the  apparent  field  of  fuch  an  inftrument  is  one  de- 
degree,  that  of  another  two  degrees,  and  fo  on ;  s^s 
alfo  when  it  is  marked  by  minutes,  as  30  minutes 
which  make  half  a  degree,  or   15  minutes  which 
m.ikc  the  fourth  part  of  a  degree. 

But  in  order  to  form  a  right  judgment  of  the 
value  of  a  tclefcope,  with  refpecl  to  the  apparent  fieldj^ 
wc  muil  llkewiie  attend  to  the  magnifying  power  qF 
the  inftrur-ient.  It  may  be  remarked,  in  general, 
that  the  nv^rc  a  telefcope  magnifies,  the  ftnaller,  of 
ncceiTity,  muft  be  the  apparent  field ;  thefe  are  the 

'  bounds 
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bounds  which  nature  herfelf  has  preferibed.     Let  us 
luppofe  an  inftrument  wj^ich  fliould  magnify  loo 
times ;  it  is  evident  that  the  diameter  of  the  field 
could  not  poflibly  be  fo  mUch  as  tv/o  degrees  :  for, 
as  this  fpacc  would  appear   ico  times  greater,   it 
would  refemble  a  fpace  of  two  hundred  degrees ; 
greater,  of  confequence,  than  the  whole  vifible  hea- 
vens, which,  from  the  one  extremity  to  the  other, 
contain  only  180  degrees,  and  of  which  we  can  fee 
but  the  half  at  moft  at  once,  that  is  a  circular  fpacc 
of  90  degrees  in  diameter.     From  this  you  fee,  that 
a  telefcope  which  magnifies  1 00  times  could  not  con- 
tain a  field  of  fo  much  as  one  degree ;  for  this  de* 
gree  multiplied  100  times  would  give  more  than  90 
degrees ;  and  that,  acmrdingly,  a  telefcope  which 
magnified  1 00  times  would  be  excellent,  if  the  dia- 
meter of  it*s  field  were  fomcwhat  le^  than  one  de» 
gree :  and  the  very  nature  of  the  inilrumcnt  admits 
not  of  a  greater  effed:. 

.  But  another  telefcope,  which  fliouId  magnify  only 
10  times,  woiiid  be  extremely  dcieclive,  if  it  difco- 
vered  a  field  of  only  one  degree  in  diameter ;  as  this 
field  magnified  i  o  times  would  give  a  fpace  of  no 
more  than  ten  degrees  in  the  heavens,  which  would 
be  a  fmall  matter,  by  fetting  too  narrow  bounds  to 
our  view.  We  fliould  have  good  reafon,  then,  to 
rejeft  fuch  an  infl:rument  altogether.  Thus  it  viTould 
be  very  eafy,  with  refpecl  to  the  apparent  field,  to 
form  a  judgment  of  the  excellence  or  defeclivenefs 
pf  infl:ruments  of  this  fort,  when  the  efiecT:  is  taken 
into  confideration.    For  whenjt  mag;ii£es  only  10 

times, 
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confiderable  part  of  them,  find  admiffion  likewife  j 
and  if  tkis  ray  is  not  admitted  into  the  eye,  thougb 
perhaps  fome  of  the  others  may  enter,  they  are  too 
feeble  to  excite  an  impreffion  fufficiently  powerful. 
Hence,  this  may  be  laid  down  as  a  rule,  that  the  e3C? 
tremity  e  of  the  object  is  feen,  only  fo  far  as  the  ray 
d  A,  after  having  paffed  through  the  two  lenfes,  is 
admitted  into  the  eye. 

We  muft,  therefore,  carefully  examine  the  diree-' 
tion  of  this  ray  e  A.  Now,  as  it  paffes  through  the 
centre  of  the  objedtive  A,  it  undergoes  no  refradioli  j 
conformably  to  the  rule  laid  down  from  the  begin* 
ning.  That  rays  pafling  through  the  centre  of  any 
lens  whatever  are  not  diverted  from  their  dire£)ion, 
that  is,  undergo  no  refraction.  This  ray,  e  A,  there- 
fore, after  having  paffed  through  the  objeftive,  would 
continue  in  the  fame  direction,  to  meet  the  other 
rays  iffuing  from  the  fame  point  ^,  to  the  point  jT  of 
the  image  reprefented  by  the  obje<?live  at  F  f^  the 
point/ being  the  image  of  the  point  e  of  the  obje<fl ; 
but  the  ray  meeting,  at  w,  the  concave  lens,  but  not 
in  it*s  centre,  will  be  diverted  from  that  dir.e^OQ  j 
and  inftead  of  terminating  in/,  will  affume  the  cH- 
redion  ;;/ ;/,  more  divergent  from  B  F,  it  being  the 
natural  effect  of  concave  lenfes  to  render  rays  al- 
ways more  divergent.  In  order  to  afcertain  thi/ 
new  direction  m  ;/,  you  will  pleafe  to  recoUeA  that 
the  objective  lens  reprefents  the  object  E  ^  in  an 
inverted  pofition  at  F/,  fo  thit  A  F  is  equal  to  the 
focal  diftance  of  tliis  lens,  which  tranfports  the  ob- 
ject E  ^  to  F  /.     Then  this  image  F  /  occupies  the 

place 
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place  of  the  objed,  with  refpeft  to  the  ocular  lens 
Q  B  Q5  which,  in  it's  turn,  tranfports  that  image  to 
G  gj  whofe  diftance  B  G  muft  be  as  great  as  that  of 
the  object  itfelf ;  and  for  this  efFed,  it  is  neceffary  to 
place  the  ocular  lens  in  fuch  a  manner  that  the  inter- 
val B  F  Ihall  be  equal  to  it's  focal  diftance. 

As  to  the  magnitude  of  thefe  images,  the  firft  ¥f 
Is  determined  by  the  ftraight  line  ^  A/ drawn  from 
e  through  the  centre  A  of  the  firft  lens ;  and  the 
other  G  ^  by  the  ftraight  line  /  B  ^  drawn  from  the 
point  f  through  the  centre  B  of  the  fecond  lens% 
This  being  laid  down,  the  ray  Ajw  direded  toward 
the  point/  is  refraded,  and  proceeds  in  the  direct 
tion  mn;  and  this  line  m  n  beipg produced  backward 
will  pa&  through  the  point  ^,  for  m  n  has  the  fame 
efFeft  in  the  jeye,  as  if  it  aftually  proceeded  from  the 
point  g.  Now,  as  this  line  m  n  retires  farther  and 
farther  from  the  axis  B  F,  where  the  centre  of  the 
pupil  is,  it  cannot  enter  into  the  eye,  unlefe  the 
opening  df  the  pupil  Extends  fo  far  ;  and  if  the  open- 
ing of  the  pupil  were  reduced  to  nothing,  the  ray 
m  n  would  be  ex(:luded  from  the  eye,  and  the  point 
e  of  the  pbjed  ^ould  not  be  yifible,  nor  even  any 
Other  point  of  the  pbjeft  out  of  the  axis  A  F.  There 
would,  therefore,  be  no  apparent  field,  and  nothing 
would  be  feen,  through  fuch  an  inftrumcnt,  except 
the  fingle.  point  E  of  the  objed:,  which  is  in  it's  axis. 
It  is  evident,  then,  that  ^  telefcppe  of  this  fort  difco- 
vers  nq  field,  but  as  far  as  the  pupil  expands,  fo  that 
in  proportion  as  the  expanfion  of  the  pupil  is  greater 
or  lels,  fo  likewifc  the  apparent  field  is  great  or  finall. 

YPL..II.  gb  In 
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In  this  cafe,  the  point  e  will  therefore  be  ftill  vifihk 
to  the  eye,  if  the  fmall  interval  B  vi  does  not  cxcwl 
half  the  diameter  of  the  eye,  that  the  ray  tnnM, 
find  admiffion  into  it ;  but  in  this  cafe,  likewiie,  ti^ 
eye  muft  be  brought  as  dofe  as  poflible  to  the  ocf 
lens :  for  as  the  ray  ;;/  n  removes  from  the  axis 
it  would  efcape  the  pupil  at  a  greater  difhmce 

Now  it  is  eafy  to  determine  the  apparcr*'^ 
which  fuch  an  inftrument  would  difcover^^ 
ocular  lens  :  you  have  only  to  take  the  inte"^^^ 
equal  to  the  femi-diameter  of  the  pupil,  andtf^"^ 
through  that  point  w,  and  the  centre  of  H^difS^^ 
lens  A,  the  ftraight  line  mKe^  then   dui  &»  'Will 
mark  on  the  objeft  the  extremity  e^  -whicJ^  "ViSLlJC 
ftill  vifible  through  the  inftrument,  and  the  angle 
E  A  ^  will  give  the  femi-diameter  of  the  apparent 
field.     Hence  you  will  eafily  judge,  that  whenever 
the  diftance  of  the  lenfes  A  B  exceeds  fbme  inches, 
the  angle  BAm  muft  become  extremely  ihiaJI,  as  the 
line  or  the  diftance  B ;;/  is  but  about  the  twentieth 
part  of  an  inch.   Now  if  it  were  intended  to  magnify 
very  much,  the  diftance  of  the  lenfes  muft  become 
confiderable,  and  the  confequence  \^ould  be,  that  the 
apparent  field  muft  become  extremdy  iinall.     The 
ftruclure  of  the  human  eye,  then,  fets  bounds  to 
telefcopes  of  this  defcription,  and  obliges  us  to  have 
recourfe  to  others  of  a  different  conftrudion,  when-, 
ever  we  want  to  produce  very  confiderable  effeft. 

16//6  February y  1762. 
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LETTER    XCIII. 

Ajlronomical  Tele/copes^  and  their  magnifying  Powers. 

T  PROCEED  to  the  fecond  fpecies  of  telefcopes, 
•^  called  aftronomical,  and  remark  that  they  confift 
of  only  two  lenfes,  like  thofe  of  the  firft  fpecies ;  with 
this  diflference,  that  in  the  conftniftion  of  aftrono- 
mical  telefcopes,  inftead  of  a  concave  ocular  lens,  we 
employ  a  convex. 

The  objeaive  PAP  Cpl^te  VIILfg.  9.)  is,  as  in  the 
other  fpecies,  convex,  whofe  focus  being  at  F,  we  fit, 
on  the  fame  axis,  a  finaller  convex  lens  Q  Q,  in  fuch 
a  manner  that  it's  focus  ftiall  likewife  fall  on  the 
fame  point  F.  Then  placing  the  eye  at  O,  fo  that 
the  diftance  B  O  fhall  be  nearly  equal  to  the  focal 
diftaince  of  the  ocular  Q  Q,  you  will  fee  objeds  dif- 
tinclly,  and  magnified  as  many  times  as  the  focal  dif- 
tance of  the  objedive  A  F  fhall  exceed  that  of  the 
ocular  B  F :  but  it  is  to  be  remarked  that  every  ob- 
jeft  will  appear  in  an  inverted  pofitipn,  fo  that  if  the 
inftrument  were  to  be  pqinted  toward  a  houfe,  the 
roof  would  appear  undermofl:,  and  the  ground-floor 
uppermgft.  As  this  ci^cumfl:ance  would  be  aukward 
iji  viewing  terreftrial  objects,  which  we  never  fee  in 
an  inverted  fituation,  the  ufe  of  this  fpecies  of  tele-r 
fcopes  is  confined  to  the  heavenly  bodies,  it  being  a 
matter  of  indifference  in  what  direction  they  appear : 
it  is  fuflicient  to  the  aftronomer  to  know  that  what 
Ije  fees  uppernrioft  is  really  undermoft,  and  recipro- 
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cally.    Nothing,  however,  forbids  the  application  of 
fuch  telefcopes  to  terreftrial  objefts ;  the  eye  fooii 
becomes  accuftomed  to  the  inverted  ppfition,  pro- 
vided the  objeft  is  feen  diftinftly  and  very  mack 
magnified. 

Having  given  this  defcription,  three  things  fall 
to  be  demonftrated :  firft,  that  by  this  arrangement 
of  the  lenfes  objeds  muft  appear  diftin^ly ;  fecondly, 
that  they  muft  appear  magnified  as  many  times  as 
the  focal  diftance  of  the  obje^ve  lens  exceeds  that 
of  the  ocular,  and  in  an  inverted  pofition ;  and 
thirdly,  that  the  eye  muft  not  be  applied  dofe  to  the 
pcular  lens,  as  in  the  firft  fpedes,  but  muft  be  re-^ 
moved  to  nearly  the  focal  diftance  of  the  ocular. 

1.  As  to  the  firft,  it  is  demonftrated  tji  the  fame 
manner  as  in  the  preceding  cafe :  the  rays  ^  P,  ^  P, 
irhich  are  parallel  before  they  enter  into  the  objec- 
tive lens,  meet  by  refiraftion  in  the  focus  of  this  lens 
at  F ;  the  ocular  lens  muft,  of  courfe,  reftore  the  pa- 
rallelifm  of  thefe  rays,  and  diftinft  vifion  requires 
that  the  rays,  proceeding  from  every  point,  ihould 
be  nearly  parallel  to  each  other  when  they  enter  the 
eye.  Now,  the  ocular  lens,  having  it's  focus  at  F,  is 
pdaced  in  fuch  a  manner  as  to  render  the  rays  F  M, 
F  M,  by  the  refraftion,  parallel,  and  confequently  the 
eye  will  receive  the  rays  N  c,  N  (P,  parallel  to  each 
other. 

2.  With  refpeft  to  the  fecond  article,  let  us  con- 
fider  the  objeft  at  E  e,  (plate  VIIL  fig.  \  o.)  but  fo  as 
that  the  diftance  E  A  fliall  be  almoft  infinite.  The 
image  of  this  objeft,  reprefented  by  the  objeftive 
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Iciis,  win  therefore  be  F  /,  fitiiated  at  the  fdcal  dif- 
taitice  of  that  lens  A  F,  and  determmcd  by  the  ftraight 
line  e  Kfj  drawn  through  the  centre  of  the  lens. 
This,  image  F/,  which  is  inverted,  occut)ies  thie  place 
of  the  dbjeft  with  refpeft  to  the  ocular  lens,  and  be- 
ihg  in  it's  focus,  the  fecond  image  wiU  be  again  re- 
moved to  ah  infinite  diftance  by  the  refraftion  of 
this  len8,%nd  will  fall,  for  example,  at  G  g^  the  difi 
tance  A  G  bein^  confidered  as  infinite,  like  that  of 
A  E.  NoWi  in  order  to  determine  the  magnitude 
bf  this  image,  you  have  only  to  draW  through  the 
centre  B  of  the  lens^  and  the  extremity/ of  the  firft 
image,  the  ftraight  line  B/^.  Now  this  fecond  image 
G  g  being  the  immediate  obje<9:  of  vifioh  to  the  per^^ 
fon  who  looks  through  the  telefcbpe,  it  is  evident  at 
once  that  this  reprefentation  is  inverted  ;  and,  as  it  is 
infinitdy  diftant,  will  appear  under  an  ahgle  G  B  ^* 
But  the  bbjeft  itfelf  E  e  will  appear  to  the  naked  eye 
under  the  angle  E  A  ^ :  now  ydu  are  fenfible,  with- 
out being  reminded,  tKat  it  is  indiflPerent  to  take  the 
jpoints  A  and  B,  in  order  to  have  the  Vifual  angleisi 
E  A  ^  and  G  B  ^,  bn  account  of  the  infinite  diftancie 
of  the  objeft.  You  now  fee  here,  as  in  the  preceding 
cafe,  that  the  triangles  F  A/ and  F  B/  may  be  com  ' 
fidered  as  circular  feftors,  the  line  F/meafuring  the 
arch  of  both;,  and  the  angles  themfelves  being  fo  very 
fmall,  no  fenfible  miftake  can  be  committed  ih  taking 
the  chord  for  the  arch.  As,  then,  the  radii  of  thefe 
two  feftors  are  the  lines  A  E  and  B  F,  the  arches 
being  equal  to  each  other,  it  followsj  as  was  formerly 
demonftrated,  that  the  angles  F  A/ (or,  which  is  the 
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fame  thing,  K  A  cj  and  F  B/ (or,  which  is  the  fame 
thing,  G  B  ^ J  have  the  fame  proportion  to  each 
other  that  the  radii  B  F  and  A  F  have.  Therefore, 
the  angle  G  B  ^,  under  which  the  objecl  is  feen 
through  the  telcfcope,  as  many  times  exceeds  the 
angle. £  A  r,  under  which  the  object  Is  feen  by  the 
naked  eye,  as  the  line  A  F  exceeds  the  line  B  F  ; 
which  was  the  fecond  point  to  be  demonftrated.  I 
am  under  the  ncccllity  of  deferring  the  demonftra* 
tion  of  my  tliird  propofition  till  next  poft. 

20th  Fihruarvy  1:62. 

LETTER    XCIV. 

Of  the  apparent  Fields  and  the  Place  of  the  Eye* 

TN  fulfilling  my  engagement  refpecling  the  third 
-^  particular  propofed,  namely  to  determine  the 
place  of  the  eye  behind  the  telefcopc,  I  remark  that 
this  article  is  nioft  intimately  connefted  with  the  ap- 
parent field,  and  that  it  is  prccifcly  the  field  which 
obliges  us  to  keep  the  eye  fixed  at  the  proper  dif- 
tance ;  for  if  it  were  to  be  brought  clofer,  or  re- 
moved farther  off',  we  should  no  longer  difcover  fo 
large  a  field. 

The  extent  of  the  field  being  an  article  of  fuch  im- 
portance, indeed  fo  efl'ential,  in  iUl  telefcopcs,  it  m.uft  I 
be  of  equal  importance  to  determine  exa6Uy  the  place 
of  the  eye  from  which  the  largeft  field  is  difcovcrable- 
If  the  eye  were  to  be  applied  clofe  to  the  ocular  lens, 
we  fliould  have  nearly  the  fame  field  as  we  ha\'e 
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with  the  pocket-glafe,  which  becomes  infirfFerably 
fmall,  whenever  the  magnifying  power  is  confi4er- 
able.  It  is,  therefore,  a  vaft  advantage  to  aftrono- 
mical  telefcopes,  that  by  withdrawing  the  eye  from 
the  ocular  lens,  the  apparent  field  increafes  to  a  cer^ 
tain  extent :  and  it  is  precifely  this  which  renders 
fuch  telefcopes  fufceptible  of  prodigious  magnifying 
powers,  wfiereas  thofe  of  the  firft  fpecies  are,  in  this 
refpeft,  extremely  limited.  You  know  that  with 
the  aftronomical  telefcope,  the  magnifying  power  has 
been  carried  beyond  two  hundred  times,  which  gives 
them  an  inconceivable  fuperiority  over  thbfe  of  the 
firft  fpecies,  which  can  fcarcely  magnify  ten  times  ; 
and  the  trifling  inconvenience  of  the  inverted  po- 
fitioh  is  infinitely  overbalanced  by  an  advantage  fo 
very  great. 

I  will  endeavoui*  to  put  this  important  article  in 
the  cleareft  light  poflible. 

1.  The  objeft  E  c  (plate  VIIL  fg.  li.)  being  infi- 
nitely diftant,  let  e  be  it's  extremity,  ftiU  vifible 
through  the  telefcope,  whofe  lenfes  are  PAP  and 
Q  B  Q,  fitted  on  the  commpn  axis  E  A  B  O,  it  falls 
to  be  attentively  confidered  what  direftion  will  be 
purfued  by  the  fingle  ray  which  pafles  from  the  ex- 
tremity e  of  the  objeft,  through  the  centre  A  of  the 
objeftive  lens.  You  will  reccliect  that  the  other 
rays,  which  fall  from  the  point  e  on  the  objective 
lens  only  accompany  and  ftrengthen  the  ray  in  quef- 
tion  e  A,  which  is  the  principal  with  refpecl  to  vifion. 

2.  Nqw  this  ray  e  A,  pafling  through  the  centre 
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of  the  lens  P  P,  will  undergo  no  refra£tion,  but  will 
purfue  it's  direction  in  the  ftraight  line  AjT  m^  and 
paffing  through  the  extremity  of  the  image  ¥/  will 
fall  on  the  ocular  lens  at  the  pcHnt  m  ;  and  here  it  is 
to  be  ofaferved,  that  if  the  iize  of  the  ocular  lenis  had 
not  extended  fo  far  as  the  point ;;;,  this  ray  would 
never  have  reached  the  eye,  and  the  point  e  would 
have  been  invifible.  That  is  to  (av,  it  w6uld  be  ne- 
cefl&ry  to  take  the  extremity  e  nearer  to  the  axis^  in 
order  that  the  ray  Afm  may  meet  the  ocular  lens. 

3.  Now  this  ray  A  m  will  be  refrafted,  by  the  ocu- 
lar lens,  in  a  way  which  it  is  very  eafy  to  difcover. 
We  have  only  to  confider  the  fecond  image  G  gj 
though  infinitely  diftant,  it  is  fufficient  to  know  that 
the  ftraight  line  B/  produced  will  pais  through  the 
extremity  g  of  the  fecond  image  G  g,  which  is  the 
immediate  objeft  of  vifion.  Having  remarked  this^ 
the  refrafted  ray  muft  affume  the  direftion  n  O,  aijrd 
this  produced  pafles  through  g. 

4.  As,  therefore,  the  two  lines  O  n  and  Bf  meet 
at  an  infinite  diftance  at  gj  they  may  be  confidered 
as  parallel  to  each  other  ;  and  hence  we  acquire  aa 
eafier  method  to  determine  the  pofition  of  the  re- 
frafted  ray  n  O  :  you  have  only  to  draw  it  parallel 
to  the  line  B/. 

5.  Hence  it  is  clearly  evident  that  the  ray  ?i  O  will 
fomewhere  meet  the  axis  of  the  telefcope  at  O,  and 
as  ufually,  when  the  magnifying  power  is  great,  the 
point  F  is  much  nearer  to  the  lens  Q  Q  than  to  the 
Jens  P  P,  the  diftance  B  ;;/  will  be  fomewhat  greater 
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tlian  the  image  F/:  and  as  the  line  «  O  is  parallel  to 
/B,  the  line  B  O  will  be  nearly  equal  to  B  F,  that  is, 
to  the  fbcal  diftance  of  the  ocular  lens. 

6.  If,  then,  the  eye  is  placed  at  O,  it  will  receive 
ti6t  only  the  rays  which  proceed  from  the  middle  df 
the  objeft  E,  but  thofe  likewife  which  proceed  from 
the  extremity  e^  and  confequently,  thofe  alfo  which 
proceed  from  every  point  of  the  objeft ;  the  eye 
would  even  receive  at  once  the  ravs  B  O  and  n  O* 
even  fuppofing  the  pupil  infinitely  contracted.  In 
this  cafe,  therefore,  the  apparent  field  does  not  de- 
pend on  the  largenefs  of  the  aperture  of  the  pupil^ 
provided  the  eye  be  placed  at  O,  but  the  moment  it 
recedes  from  this  point,  it  muft  lofe  confiderably  in 
the  apparent  field. 

7.  If  the  point  m  were  not  in  the  extremity  of  the 
ocular  lens,  it  would  tranfmit  rays  ftill  more  remote 
from  the  axis,  and  the  tdefcope  would,  of  courfe,  dif- 
cover  a  larger  field.  In  order  then,  to  determine 
the  real  apparent  field  which  the  telefcope  is  capable 
of  difcovering,  let  there  be  drawn,  from  the  centre 
A  of  the  objeftive  lens,  to  the  extremity  m  of  the 
ocular,  the  ftraight  line  A  m^  which,  produced  to  the 
objeft,  will  mark  at  e  the  vifible  extremity ;  and 
confequently  the  angle  E  A  ^,  or,  which  is  the  fame 
thing,  the  angle  B  A  m^  will  give  the  femi-diameter 
of  the  apparent  field,  which  is,  confequently,  greater 
in  proportion  as  the  extent  of  the  ocular  lens  is 
greater. 

8.  As,  then,  in  the  firft  fpecies  of  telefcopes,  the 
apparent  field  depended  entirely  on  the  aperture  of 
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the  pupil,  and  as  in  this  cafe  it  depends  entirely  Cfn 
the  aperture  of  the  ocular  lens,  there  is  an  eflential 
difference  between  thefe  two  fpecies  of  inftruments, 
greatly  in  favour  of  the  latter.  The  figure  which  I 
have  employed  in  dcnionftrating  this  laft  article,  re- 
fpecting  the  place  of  the  eye  and  the  apparent  field, 
may  greatly  affift  in  the  elucidation  of  the  preceding 
articles. 

If  you  will  be  fo  good  as  to  reflect,  that  the  ob- 
jective lens  tranfports  the  object  E  ^  to  F/,  and  tliat 
the  ocular  lens  tranfports  it  from  F/to  Gg;  this 
image  G  g  being  very  diftant  from  the  immediate 
objedt  of  viiion,  ought  to  be  feen  diitinctly,  as  a  good 
eye  requires  a  great  diftance  in  order  to  fee  thus. 
This  was  the  firft  article. 

As  to  the  fecond,  it  is  evident  at  firft  fight,  that 
as  inftead  of  the  real  image  E  ^  we  fee  through  the 
telefcope  the  image  G  g^  it  muft  be  inverted.  Finally, 
tliis  image  is  feen  by  the  eye  placed  at  O  under  the 
angle  G  O  ^,  or  B  O  «,  whereas  the  objed  itfelf  E  e 
appears  to  the  naked  eye  under  the  angle  E  A  ^ .-  the 
telefcope,  therefore,  magnifies  as  many  times  as  the 
angle  BO n  is  greater  than  the  angle  E  A ^^  Now, 
as  the  line  n  O  is  parallel  to  B/,  the  angle  B  O  «  is 
equal  to  the  angle  F  B/,  and  the  angle  E  A^  is  equal 
to  it's  oppoiite  and  vertical  angle  F  A/;  hence  the 
mao'nif'/ing  power  mult  be  eitimated  from  the  pro- 
portion between  the  angles  F  B/  and  F  A/;  accord- 
ingly, as  the  angle  F  B/  contains  the  angle  F  A/  as 
often  as  the  line  A  F,  that  is  the  focal  diftance  of  the 
objective  lens,  contains  the  line  B  F,  that  is  the  focal 
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diftance  of  the  ocular,  the  magnifying  power  will  be, 
thereforej  expreffed  by  the  proportion  of  thefe  two 
diftances.  This  is  proof  fufficient  that  the  elements 
of  geometry  may  be  fuccefsfully  employed  in  re- 
iearches  of  quite  a  diflFerent  nature ;  a  refleftion  not 
unpleafing  to  the  mathematician. 

7.^d  Feh'uajyy  1762. 

LETTER    XCV. 

Determination  of  the  magnifying  Power  of  Ajlronomicdl 
Telefcopes^  and  the  Confirn^ion  of  a  Telefcope  which 
fball  magnify  Obje6ls  a  given  Number  of  Times. 

YOU  now  have  it  clearly  afcertained,  not  only 
how  many  times  a  propofed  inftrument  will 
magnify,  but  what  is  the  mode  of  conftrufting  a  te- 
lefcope which  fhall  magnify  as  many  times  as  may 
be  wifhed.  In  the  firft  cafe,  you  have  only  to  mea- 
fure  the  focal  diftance  of  both  lenfes,  the  objedive  as 
well  as  the  ocular,  in  order  to  difcover  how  much  the 
one  exceeds  the  other.  This  is  performed  by  divi- 
fion,  and  the  quotient  indicates  the  magnifying 
power. 

Having,  then,  a  telefcope  the  focal  diftance  of  whofe 
objective  lens  is  two  feet,  and  that  of  the  ocular  one 
inch ;  it  is  only  neceffary  to  enquire  how  often  one 
inch  is  contained  in  two  feet.  Every  one  knows  that 
a  foot  contains  twelve  inches,  two  feet,  accordingly, 
contain  twenty-four  inches,  which  are  to  be  divided 
by  one.     But,  whatever  number  we  divide  by  one, 
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the  quotient  is  always  equal  to  the  dividend  j  if  thed 
it  is  afked^  how  often  one  inch  is  contained  iii  twenty* 
four  inches,  the  anfwer^  without  heiitation,  is,  twenty^ 
four  times ;  confequently,  fuch  a  tdefcope  magnifies 
twenty-four  times,  that  is,  reprefents  diftant  objeds 
in  the  fame  manner  as  if  they  were  twenty-four  times 
greater  than  they  really  are ;  in  other  words,  you 
would  fee  them  through  fuch  telefcope  under  an 
angle  twenty-four  times  greater  tkan  by  the  naked 
eye. 

Let  us  fuppofe  another  agronomical  telefcope^  the 
focal  diftance  of  whofe  obje&ive  lens  is  thirty-two 
feet,  and  that  of  the  ocular  three  inches.  Tou  foe  at 
once  that  thefe  two  lenfes  muft  be  placed  at  the  di& 
tance  of  thirty^-two  feet,  and  three  inches  from  each 
other,  for,  in  all  aftronomical  telefcopes,  the  diftance 
of  the  lenfes  muft  be  equal  to  the  fum  of  the  two 
focal  diftances,  as  has  been  already  demoniiratedi 

To  find,  then,  how  many  times  a  telefcope  of  the 
above  defcription  magnifies,  we  muft  divide  thiity- 
two  feet  by  three  inches,  and,  in  order  to  this,  reduce 
thefe  thirty-two  feet  into  inches,  by  multiplying 
them  by  twelve. 

32     this  produces  384  inches;  and  the£e  ^Lgsdxi 

1 2  divided  by  three,  the  focal  diftance,  in  Inches, 
3^384    of  the  ocular  lens,  gives  a  quotient  of  128, 

128  \vhich  indicates  that  the  propofe<i  tdefcope 
magnifies  128  times,  whkh  muft  be  allowed  to  be 
very  cdnfiderable* 

Reciprocally,  therefore,  in  drder  to  conftruft  a  td-^ 
lefcope  which  Ihall  magnify  a  given  number  of  times^ 

fay 
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fey  loo,  wc  muft  employ  two  convex  lenfes,  the  focal 
fliftance  of  the  one  of  which  ihall  be  i  oo  times  greatejT 
than  that  of  the  other  j  in  this  cafe  the  one  w^l  give 
the  objedive  lens,  sqid  the  other  the  ocular*  Thele 
muft  afterwards  be  fitted  on  the  fame  axis,  fo  that 
their  diftance  ihall  be  equal  tq  the  fum  of  the  two 
focal  diilances ;  that  is,  they  muft  be  fixed  in  a  tube 
pf  this  length,  and  then  the  eye  being  placed  behind 
the  ocular  lens,  at  it's  focal  diftance,  will  fee  pbjefts 
magnified  i  oo  tipries. 

This  arrangement  may  be  varied  without  end,  by 
affuming  an  ocular  lens  at  pleafure,  and  adapting  to 
it  an  objedive,  whofe  focal  diftance  fliall  be  1 06  times 
greater.  Thus,  taking  an  ocular  lens  of  one  inch 
focus,  the  obje^ve  muft  be  of  100  inches  focus,  and 
the  diftance  of  the  lenfes  loi  inches.  Or,  taking  an 
ocular  of  2  inches  fpcus,  the  objeAive  muft  have  it's 
focus  at  the  diftance  of  200  inches,  and  the  diftance 
of  the  lenies  will  be  202  inches.  If  you  were  to  take 
an  ocular  lens  of  3  inches  focus, the  focal  diftance  <^ 
the  objedive  muft  be  30Q  inches,  and  the  diftance  of 
the  lenfes  from  each  other  303  inches.  And  if  you 
were  to  take  an  ocular  lens  of  4  inches  focus,  the  ob- 
jefiive  muft  have  a  focal  diftance  of  400  inches,  and 
the  diftance  of  the  two  lenfes  404  inches,  and  fo  on, 
the  inftrument  always  increafing  in  length.  If,  on 
the  contrary,  you  were  to  aifume  an  ocular  lens  of 
only  half  an  inch  focus,  the  objeftive  muft  have  a 
focal  diftance  of  100  half  inches,  that  is,  of  fifty  inches, 
and  the  diftance  between  the  lenfes  would  only  be  50 
inches  and  a  half,  which  is  little  moce  than  four  feet. 

And 
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And  if  an  ocular  of  a  quarter  of  an  inch  focus  were 
to  be  employed,  the  objeftive  would  require  a  focal 
diftance  of  only  loo.quartjers  of  an  inch,  or  25  inches, 
and  the  dillance  between  the  two  lenfes  ^5  inches 
and  a  quarter,  that  is  Uttle  more  than  tw^o  feet. 

Here,  then,  are  feveral  methods  of  producing  the 
faptie  eife A,  that  of  magnifying  1 00  times ;  and  if 
every  thing  elfe  were  equal,  we  fhould .  not  hefitate 
about  giving  the  preference  to  the  laft,  as  being  the 
fliorteft,  for  here  the  telefcope,  being  reduced  to  little 
more  than  two  feet,  would  be  more  manageable  than 
one  much  longer. 

No  one,  then,  would  hefitate  about  preferring  the 
Ihorteft  telefcopes,  provided  all  other  circumftances, 
were  the  fame,  and  all  the  different  fpecies  reprefented 
objefts  in  the  fame  degree  of  perfeftion.  But,  though 
they  all  poffefs  the  fame  magnifying  power,  the  re- 
prefentation  is  by  no  means  equally  clear  and  diftind. 
That  of  two  feet  in  length  certainly  magnifies  100 
times,  as  well  as  the  others ;  but  on  looking  through 
fuch  a  telefcope,  objeds  will  appear  not  only  dark, 
but  blunt  and  confufed,  which  is  undoubtedly  a  very 
great  defeft.  The  laft  telefcope  but  one,  whofe  ob- 
jective lens  is  50  inches  focus,  is  lefs  fubjeft  to  thefe 
defects,  but  the  dimnefs  and  confufion  are  ftill  in-r 
fupportablc :  and  thefe  defeds  diminifh  in  proportion 
as  we  employ  greater  objeftive  lenfes ;  and  are  re- 
duced to  almoft  nothing,  on  employing  an  obje6tive^ 
lens  of  300  inches,  with  an  ocular  of  3  inches  focus^ 
On  increaling  thefe  meafurements,  the  reprefentation 
becomes  ftiU  clearer  and  ipore  diftinift  j  fo  that,  in 

this 
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this  refpeft,  long  telefcopes  are  preferable  to  fhort, 
though  otherwife  lefs  commodious.  This  circumr 
ftance  impofes  on  me  a  new  talk,  that  of  farther  ex- 
plaining two  very  effential  articles  in  the  theory  of 
tdefcopes :  the  one  refpecls  the  ctearnefs,  or  degree 
of  light  in  which  objects  are  feen :  and  thje  other  the 
diftinclnefs  and  accuracy  of  expreffion  with  which 
they  are  reprefented.  Without  thefe  two  qualities, 
dl  magnifying  power,  however  great,  procures  no 
advantage  for  the  contemplation  of  objects. 

2.1  tb  February^  i^b2. 
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LETTER    XCyi. 

Degree  of  Clearnefs. 

IN  order  to  form  a  judgment  of  the  degree  of 
clearnels  in  which  objefts  are  reprefented  by  the 
tdefcope,  I  fliall  recur  to  the  fame  principles  which  I 
endeavoured  to  elucidate,  in  treating  the  fame  fub- 
jeft  with  reference  to  the  microfcope. 

And,  firft,  it  muft  be  confidered  that,  in  this  re- 
fearch,  it  is  not  propofed  to  determine  the  degree  of 
li^t  refident  in  objects  themfelves,  and  which  may 

« 

be  very  different,  not  only  in  different  bodies,  as 
being  in  their  nature  more  or  lefs  luminous,  but  in 
the  fame  body,  according  as  circumltances  vary.  The 
fame  bodies,  when  illuminated  by  the  fun,  have  un- 
doubtedly more  light  than  when  the  fky  is  overcaft, 
and  in  the  night  their  light  is  wholly  extinguifhed  \ 

but 
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but  different  bodies  illuminated  may  differ  greatly^ 
in  point  of  brightnefe,  according  as  th^ir  colours  arc 
mpre  or  lefs  lively.  We  are  not  enquiring,  then,  into 
that  light  or  brightnefs  which  refides  in  objeds  them* 
felves ;  but,  be  it  ftrong  or  faint,  we  fay  that  a  tele- 
fcope  reprefents  the  object  in  perfect  dearneis,  ^nrhen 
it  is  feen  through  the  inftrument  as  clearly  as  by  the 
naked  eye ;  fo  that  if  the  objedt  be  dim,  we  are  not 
to  expe<^  that  th^  telefcope  fhould  repreient  it  as 
clear. 

Accordingly,  in  refpeft  of  clearnefs,  a  telefcope  is 
perfed,  when  it  reprefents  the  objeft  as  clearly  as  it 
appears  to  the  naked  eye.  This  takes  place,  as  in 
the  microfcope,  when  the  whole  ppening  of  the  pupil 
is  filled  with  the  rays  which  proceed  from  every 
point  of  the  objeft,  after  being  tranfmitted  through 
the  telefcope.  If  ^  tdefcppe  furniihes  rays  fuffic1;cnt 
to  fill  the  whole  opening  pf  the  pupil,  no  greater  de- 
gree of  dearnefs  need  be  defired ;  and,  fuppofing  it 
could  fupply  rays  in  greater  profufion,  this  wpuld  be . 
entirely  ufelefs,  as  the  fame  quantity  precifdy^i  ^d  not 
more,  could  find  admifiion  into  the  eye. 

Here,  then,  attention  muft  be  paid  chiefly  to  the 
aperture  of  the  pupil,  which,  being  variable,  prevents 
our  laying  down  a  fixed  rule,  unlefs  we  regulate  our- 
felvcs  according  to  a  certain  given  aperture,  whici^ 
is  fufficient,  when  the  pupil,  in  ^  ftate  of  th?  greateft. 
contraction,  is  filled  with  rays ;  and,  for  this  purpofe^ 
the  diameter  of  the  pupil  is  ufually  fuppofed  to  be 
one  line,  t-^elve  of  which  make  an  inch ;  we  fome- 

times 
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times  fatisfy  Ourfdves  with  even  the  half  of  this,  al- 
lowing to  the  diameter  of  the  pupil  only  half  a  line* 
and  in  fome  cafes  ftiU  leis* 

If  you  will  pleafe  to  coafidcr,  that  the  light  of  the 
fun  exceeds  that  of  the  moon  300,000  times,  though 
even  that  of  the  moon  is  by  no  means  inconfiderablet 
you  will  be  fenfible  that  a  finall  diminution  in  point 
of  clearne&  can  be  of  no  gneat  confequence  in  the 
contemplation  of  obje£b.  Having  premifed  this,  aU  - 
that  remains  is  to  exanune  the  rays  which  the  tdc^ 
fcope  tranfmits  into  the  eye,  and  to  compare  them 
with  the  pupil ;  and  it  will  be  fufficient  to  conlider 
the  rays  which  proceed  from  a  fingle  point  of  the  ob^ 
jeft  {plate  IXnJig*  i.J  that,  for  example^  which  is  in 
the  axis  of  the  tdeicope. 

L  The  objeft  bdng  infinitely  diftant,  the  rays  which 
fall  from  it  on  the  furface  of  the  objeftive  lens  PAP 
are  paralld  to  each  other :  all  the  rays,  then,  which 
come  from  the  centre  of  the  objeft,  vnU  be  contained 
within  the  lines  L  P,  L  P,  paralld  to  the  axis  £  A* 
All  thefe  rays  taken  together  are  denominated  the  . 
fafcicle  of  rays  which  fell  on  the  objeftive  lens,  and 
the  breadth  of  this  fafcide  is  equal  to  the  extent  or 
aperture  of  the  obje&ive  lens,  the  diameter  of  w*hich 
isPAP. 

n.  This  fafcide,  or  little  bundle,  of  rays  is  changed, 
by  the  refra6tion  of  the  objeAive  lens,  into  a  conical 
or  pointed  figure  P  F  P,  and  having  crofled  at  the 
focus  F,  it  forms  a  new  cone  mY m^  terminated  by 
the  ocular  lens  j  hence  it  is  evident  that  the  bafis  of 
this  cone  mm  \&  ^  many  times  imaller  than  the 

Vol.  IL  C  c  breadth 
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breadth  of  the  fafcicle  P  P,  as  the  diftance  F  B  is 
ihorter  than  the  diftance  A  F. 

III.  Now  thcfe  rays  F  w,  F  w,  on  paffing  through 
the  ocular  lens  y  B  Q,  become  again  parallel  to  each 
other,  and  form  the  fafcicle  of  rays  noj  no,  which 
enter  into  the  eye,  and  there  depift  the  image  of  the 
point  of  the  objeft  whence  they  originally  proceeded. 

IV.  The  queftion,  then,  refolves  itfelf  into  the 
breadth  of  this  fafcicle  of  rays  noy  noj  which  enter 
into  the  eye ;  for  if  this  breadth  nn  or  00  is  equal  to, 
or  greater  than,  the  opening  of  the  pupil,  it  will  be 
filled  with  them,  and  the  eye  will  enjoy  all  pofQble 
deamefs ;  that  is,  the  objeft  will  feem  as  dear  as  if 
you  were  to  look  at  it  with  the  imaflifled  eye. 

V.  But  if  this  fafcicle  nn^  or  0  0^  were  of  much  le6 
breadth  than  the  diameter  of  the  pupil,  it  is  evident 
that  the  reprefentation  mufl  become  fo  much  more 
obfcure ;  which  would  be  a  great  defeft  in  the  tele- 
fcope.  In  order  to  remedy  it,  the  fafcide  muft, 
therefore,  be  at  leaft'  half  a  line  in  breadth,  and  it 
would  be  ftill  better  to  have  it  a  whole  line  in  breadth, 
this  being  the  ufual  aperture  of  the  pupil. 

VI.  It  is  evident  that  the  breadth  of  this  fecond 
f afdcle  has  a  certain  relation  to  that  of  the  firft,  which 
it  is  very  eafy  to  determine.  You  have  only  to  fettle 
how  many  times  the  diftance  nn  ox  mm  is  Ids  than 
the  diftance  P  P,  which  is  the  aperture  of  the  objeftive 
lens.  But,  the  diftance  P  P  is  in  the  fame  proportion 
to  the  diftance  m  m,  as  the  diftance  A  F  to  the  diftance 
B  F,  on  which  the  magnifying  power  depends ;  ac- 
cordingly, the  magnifying  power  itfelf  difcovers  how 

many 
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many  times  the  fafcicle  LP,  LP,  is  broader  than  the 
fafcicle  no^no^  which  enters  into  the  eye^ 

VII.  Since,  then,  the  breadth  nn  or  o o  muft  be 
one  line,  at  leaft  half  a  line,  the  aperture  of  the  ob- 
jective lens  PP  muft  at  leaft  coiitain  as  many  half 
lines  as  the  magnUying  power  indicates ;  thus,  when 
the  tdefcope  is  to  magnify  loO  times,  the  apertuife 
of  it's  objective  lens  nauft  have  a  diameter  of  loo 
half  lineS)  or  50  lines,  which  tnake  4  inches  and  2 
lines. 

Vin.  You  fee,  then,  that,  in  order  t6  avoid  ob- 
fcurity,  the  aperture  of  the  objeftive  lens  muft  be 
greater,  in  proportion  as  the  magnifying  power  is 
greater*  And,  confequently,  if  the  objeftive  lens 
employed  is  not  fufceptible  of  fiich  to  aperture^  the 
telefcope  will  be  defective  in  refped  of  dearneis  of 
reprefentation. 

Hence  it  is  abundantly  evideiit,  that,  iii  ofdel*  to 
magnify  very  greatly,  it  is  impoffible  to  employ 
fmall  objedtives,  whofe  focal  diftance  is  too  fhort,  as 
a  lens  formed  by  the  arc^hes  of  fmall  circles  cannot 
have  a  great  aperture* 

I/?  Marchy  1762. 

LETTER    XCVn. 

Aperiur^  of  OhjeBive  Lenfes. 

YOU  have  now  feen  that  the  magnifying  power 
determines  the  fize  or  extent  of  the  objeftive 
iens,  in  order  that  objeds  may  appear  with  a  fuffi- 
cicnt  degree  of  deiarnefs.    This  determination  re- 

C  c  2  ^^^s. 
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fpeAs  only  the  iize  or  aperture  of  the  objefiive  lens ; 
however  the  focal  diftance  is  affefted  by  it  likewiie, 
for  the  larger  the  lens  is,  the  greater  muit  be  it's 
focal  diftance. 

The  reafon  of  this  is  e^dent,  as  in  order  to  form  a 
lens  whoic  focal  diftance  is,  for  example,  two  inches, 
it's  two  furfaces  muft  be  arches  of  a  circle  whofe  ra- 
dius is  likewife  about  two  inches :  I  have  therefore 
reprefented  (^plate  IX.  jig.  2.)  two  lenfes  P  and  Q, 
the  arches  of  which  are  defcribed  with  a  radius  of 
two  inches.    The  lens  P,  being  the  thicker,  is  much 
greater  than  the  lens  Q;  but  I  ihall  demonftrate  afiter- 
\v^rds  that  thick  lenles  are  fubje&  to  other  inconve- 
Dtencies,  and  theiie  ft)  great  as  to  oblige  us  to  lay  them 
altogether  afide.    The  lens  Q,  then,  will  be  found 
snore  adapted  for  uie,  being  compoied  of  fmaller 
arches  of  the  fame  circle ;  and  as  it's  focal  diftance 
is  two  inches,  it's  extent  or  aperture  m  n  may  icarcely 
exceed  one  inch.    Hence  this  n:iay  be  laid  down  as 
a  general  rule,  that  the  focal  diftance  of  a  lens  muft 
always  be  twice  greater  than  the  diameter  of  it's 
aperture  m  n  j  that  is,  the  aperture  of  a  lens  muft,  of 
neceftity,  be  fmailer  than  half  the  focal  diftance. 

Having  remarked^  then,  that  in  order  to  magnify 
'  1  GO  times,  the  aperture  of  the  objeftive  lens  muft 
exceed  4  inches,it  follows,  that  the  focal  diftance  muft 
exceed  8  inches ;  I  fliall  prefently  demonftrate  that 
the  double  is  not  fufficient,  and  that  the  focal  diftance 
of  this  lens  muft  be  increafed  beyond  300  inches. 
The  diftindnefs  of  the  expreOion  of  the  image  re- 
quires this  ^eat  increafe,  as  ihall  afterwards  be 
ihewn ;  1  fatisfy  myfdf  with  remarking  at  pcefent, 

that 
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that  with  regard  to  the  geometrical  figure  of  the 
khs,  the  aperture  cannot  be  greater  than  half  it*s' 
focal  diftance. 

Here,  therefore,  I  fhall  go  fomewhat  more  iAto 
the  detail,  refpefting  the  opening  of  the  ^objective, 
which  every  magnifying  power  requires :  and  I  re- 
mark, firft,  that  though  a  fiifficient  degree  of  dear- 
nefs  requires  an  opening  of  four  inches,  when  the 
tdefcope  is  to  magnify  1 06  times,  we  fatisfy  our- 
felves,  in  aibronomical  inftruments,  with  one  of  three 
laches,  the  diminudoh  of  deamefs  being  fcarcdy 
perceptible.  Hence  artifts  have  laid  it  down  as  a 
ruk^  that,  in  order  to  n^iagnify  100  times,  the  open- 
ing of  the  objedive  lens  muft  be  three  indies,  and 
for  other  magnifying  powers  ui  that  proportion. 
Thus,  in  order  to  magnify  50  times,  it  is  fuiEcient 
that  the  opening  of  the  objeftive  lens  be  an  inch  and 
a  half  ^  to  magnify  25  tinfies,  three  quarters  of  an 
inch  fuffice,  and  fo  of  other  powers. 

Hence  we  fee  that  for  fniall  magnifying  powers,  a 
very  fmall  opening  of  the  objeftive  lens  is  fuificient, 
and  that,  confequently,  a  moderate  focal  diflance  may 
anfwer.  But  if  you  wilhed  to  magnify  200  times, 
the  opening  of  the  objective  muft  be  fix  inches,  or 
half  a  foot;  which  requires  a  very  large  lens,  whofe 
focal  diftance  muft  exceed  even  1 00  feet,  in  order  ta 
obtain  a  diftinft  and  exaft  expreffion.  For  this  rea- 
fon,  great  magnifying  powers  require  very  long  te» 
lefcopes,  at  leaft,  according  to  the  ufual  arrangement 
of  lenfes  which  I  have,  explained.  But,  for  fome 
time  paft,  artifts  have  been  fuccefsfully  employing 

C  c  3  themfdves 
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themfelves  in  diminiihing  this  exceffive  length.  This 
opening  of  the  objeftive»  however,  .mufi:  follow  the 
rule  laid  down,  as  clearnefe  neceflarily  depends  on  it. 

Were  you  defirous,  therefore,  of  conftrudting  a 
(elefcop^  which  (houjd  magnify  400  times,  the  open- 
ing of  the  objective  lens  muft  be  twelve  inches,  or  a 
foot,  .let  the  focal  diftanc^  be  rendered  as  fmall  as 
you  will :  and  if  you  wilhod  to  magnify  4,000  times, 
the  opening  of  the  objedive  muft  be  ten  feet,  a  very 
great  fize  indeed,  ^nd  too  much  fo  for  any  artifl  to 
execute ;  and  this  is  the  principal  reafon,  why  we 
can  never  hope  to  carry  tlie  magnifying  power  fo 
far,  unlefs  feme  great  prince  would  be  at  the  ex- 
penfe  of  providing  and  executing  lenfes  of  fuch  mag- 
nitude ;  and,  after  all,  perhaps,  they  would  not  fuc-. 
ceed, 

A  telefcope,  however,  which  fhould  magnify  4,000 
times,  would  difcover  many  wonderful  things  in  the 
heavens.  The  moon  would  appear  .  4,000  times 
larger  than  to  the  naked  eye  ;  in  other  words,  we 
fliould  fee  her  as  if  Ihe  were  4,000  times  nearer  to  us 
than  flie  is,  Let  us  enquire,  then,  to  what  a  degree 
we  might  be  able  to  diflinguifh  the  different  bodies 
which  fhe  may  contain.  The  diftance  of  the  moon 
from  the  earth  is  calculated  to  be  52,000  German 
miles  ;*  the  4,oocth  part  of  which  is  13  miles :  fuch 
a  telefcope  would,  accordingly,  Ihew  us  the  moon  as 
if  fhe  were  oply  1 3  miles  diftant  j  and,  confequently, 

*  For  the  proportion  of  thefe  to  meafurement  in  Englifh  miJeg, 
fce  Vol.  I,  Letter  I.  page  3. 

we 
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we  fliould  be  enabled  to  difcover  in  her  the  fame 
things  which  we  diftinguilh  in  objefts  removed  to 
the  fame  diftance.  Now,  from  the  top  of  1  moun- 
tain, we  can  eafily  difcern  other  mountains  more 
than  13  miles  diftant.  There  can  be  no  doubt,  then,  , 
that,  with  fuch  an  inftrument,  we  fhould  difcover  on 
the  furface  of  the  moon  many  things  to  fill  us  with 
furprize.  But,  in  order  to  determine  whether  the 
moon  is  inhabited  by  creatures  flmilar  to  thofe  of  the 
earth,  a  diftance  of  13  miles  is  ftill  too  great;  we 
muft  have,  in  order  to  this  eiFed,  a  telefcope  which 
fliould  magnify  ten  times  more,  that  is  40,000  times, 
and  this  would  require  an  objective  lens  of  1 00  feet 
aperture,  an  enterprize  which  human  art  will  never 
be  able  to  execute.  But,  with  fuch  an  inftrument, 
we  fhould  fee  the  moon  as  if  flie  were  no  farther 
diftant  than  from  Berlin  to  Spandau,  and  good  eyes 
might  eafily  difcern  men  at  this  diftance,  if  any  there 
were,  but  too  indiftinftly,  it  muft  be  allowed,  to  be 
completely  affured  of  the  faft. 

As  we  muft  reft  fatisfied  with  wifhing,  on  this  fub- 
jeft,  mine  fhould  be  to  have  at  once  a  telefcope  which 
fhould  magnify  100,000  times;*  the  moon  would 
then  appear  as  if  fhe  were  only  half  a  mile  diftant. 

The  aperture  of  the  objeftive  lens  of  this  telefcope 
muft  be  250  feet,  and  we  fhould  fee,  at  leafl,  the 
larger  animals  which  may  be  in  the  moon, 

tth  March i  1762. 
•  Dr.  Herfcliers  telcfcopes  adually  magnify  6,500  times, 
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On  Dijiinflnefs  in  th  ExpreJJlon :  On  the  Space  ef  Dif^ 
fu/ion  occqfioned  by  the  Aperture  of  Objeffi've  Lenfes^ 
and  conjidered  as  ihefirji  Source  of  Want  of  Di/iinit'f 
tiefs  in  the  Reprcfentatiqn^ 

DISTINCTNESS  of  expreffion  Is  a  quality  of  fo 
much  importance  in  the  conftruftion  of  tde^- 
fcopes,  that  it  feems  to  take  precedence  of  all  the 
Others  which  I  have  been  endeavouring  to  explain ; 
for  it  muft  be  allowed,  that  a  telefcope  which  does 
not  reprefent  diftinftly  the  images  of  objefts  muft  be 
very  defeftive.  I  muft,  therefore,  unfold  the  reafons 
of  this  want  of  diftinAnefs,  that  we  may  apply  more 
fuccelsfully  to  the  means  of  remedying  it. 

They  appear  fo  much  the  more  abftrufe,  that  the 
principles  hitherto  laid  down  do  not  difcover  the 
fource :  in  faft,  this  defeft  is  thus  to  be  accounted 
for,  one  of  the  principles  on  which  I  have  hitherto 
proceeded  is  not  ftriftly  true,  though  not  fjir  from 
the  trutht 

You  will  recolleft  that  it  has  been  laid  down  as  ^ 
principle,  that  a  convex  lens  collefts  into  one  point 
of  the  image  all  the  rays  which  come  from  one 
point  of  the  objeft.  Were  this  ftriftly  true,  imager 
reprefented  by  lenfes  would  be  as  diftinftly  expreffe4 
as  the  objed  itfelf,  and  we  fliould  be  .under  no  ap- 
prehenfion  of  defedt  in  regard  to  this. 

Here,  then,  lies  the  defedivenefs  of  this  principle  j 

l^nfes 
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Icnfes  have  the  property  now  afcribed  to  them  only 
around  their  centre ;  the  rays  winch  pafs  through 
the  extremities  of  a  lens  colled  in  a  different  point 
from  thofe  which  pafs  toward  the  centre,  though  all 
proceed  from  the  fame  point  of  the  objeft ;  hence 
are  produced  two  different  images,  which  occafion 
indiftinftneis. 

In  order  to  fet  this  in  the  deareft  light,  let  us  con- 
fider  the  convex  lens  PP,  (plate  IX.  fig.  3.  J  on  the 
|axis  of  which  is  placed  the  objeft  E  ^,  of  which  the 
point  E,  fituated  upon  the  axis,  emits  the  rays  EN, 
EM,  EA,  EM,  EN,  to  the  furface  of  the  lens.  To 
the  direftion  of  thefe  rays,  as  changed  by  refraftion, 
we  mufl  now  pay  attention. 

I.  The  ray  EA,  which  paffes  through  the  centre 
A  of  the  lens,  undergoes  no  refraction,  but  proceeds 
forward  in  the  fapie  direction,  on  the  ftraight  line 
ABF. 

II.  The  rays  EM  and  EM,  which  are  nearefl  to 
the  firft,  undergo  a  fmall  refraftion,  by  which  they 
will  meet  with  the  axis  fomewhere  at  F,  which  is 
the  place  of  the  image  F/,  as  has  been  explained  in 
fome  of  my  preceding  letters  on  this  fubjeft. 

III.  The  rays  EN  and  EN,  which  are  more  remote 
from  the  axis  E  A,  and  which  pafs  toward  the  extre- 
mities NN  of  the  lens,  undergo  a  refradion  fome- 
what  diflFerent,  which  collefts  them,  not  at  the  point 
F,  but  at  another  point  G  nearer  the  lens,  and  thefe 
rays  reprefent  another  image  G^,  different  from  the 

jy.  JLet  us  now  carefully  attend  to  this  particular 

cifcumflance, 
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drcumftance,  not  hitherto  remarked ;  it  is  this,  that 
the  rays  pafling  through  the  lens,  toward  it's  extre- 
mities, reprefent  another  image  G^,  than  what  is 
reprefented  by  thofc  pafling  near  the  centre  MAM. 

V.  If  the  rays  KN,  EN,  were  to  retire  ftill  farther 
from  the  centre  A,  and  to  pafs  through  the  points 
PP  of  the  lens,  their  point  of  re-union  would  be  ftill 
nearer  to  the  lens,  and  would  form  a  new  image, 
nearer  than  even  G  g. 

VI.  Hence  you  will  eafily  perceive,  that  the  firft 
image  F/,  which  is  named  the  principal  image,  is 
formed  only  by  the  rays  which  are  almoft  infinitely 
near  the  centre ;  and  that  according  as  the  rays  re- 
tire from  it,  toward  the  extremities  of  the  lens,  a 
particular  image  is  formed  nearer  the  lens,  till  thofe 
pafling  clofe  to  the  extremities  form  the  laft,  G^. 

VII.  All  the  rays,  therefore,  which  pafs  through 
the  lens  PP  reprefent  an  infinity  of  images  difpofed 
between  F/  and  G  g ;  and  at  every  difliance  from 
the  axis  the  refraction  of  the  lens  produces  a-  parti- 
cular image,  fo  that  the  whole  fpace  between  F  and  G 
is  filled  with  a  feries  of  images. 

VIII.  This  feries  of  images  is  accordingly  deno- 
minated the  difiufion  of  the  image ;  and  when  all 
theic  rays  afterwards  enter  into  any  eye,  it  is  natural 
that  the  vifion  fliould  be  fo  much  difturbed,  as  the 
fpace  FG,  through  which  the  image  is  difflifed,  is 
more  conJidcrablc.  If  this  fpace  FG  could  be  re- 
duced to  nothing,  no  confufion  or  indiftinftnefs  need 
to  be  apprehended. 

IX.  The  greater  portions'of  their  refpeclive  circles 

that 
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that  the  arches  PAP  and  PBP  are,  the  greater  like- 
wife  is  FG  the  fpace  of  difFufion,  You  fee  a  good  ■ 
reafon,  then,  for  rejefting  all  lenfes  of  too  great 
thicknefs,  or  in  which  the  arches  which  form  the 
furfaces  of  the  lens  are  confiderable  fegments  of  their 
circles ;  (as  in  plate  IX.  fg.  4.)  of  which  the  arches 
PAP  and  PBP  are  the  fourth  part  of  the  whole  cir- 
cumference, fo  that  each  contains  90  degrees ;  this 
would,  confequently,  produce  an  infufferable  con- 
ftifion. 

X.  The  arches,  then,  which  form  the  furfaces  of 
a  lens,  muft  contain  much  lels  than  90  degrees :  if 
they  contained  fo  much  as  60,  the  difFulion  of  the 
image  would  be  even  then  infupportable.  Authors 
who  have  treated  the  fubjeft,  admit  of  30  degrees 
at  moft :  and  fome  fix  the  boundary  at  20  degrees. 
A  lens  of  this  laft  defcription  is  reprefented  by  Jig.  5. 
oi plate  IX.  in  which  the  arches  PAP  and  PBP  con-  . 
tain  only  20  degrees,  each  being  but  the  eighteenth 
part  of  the  whole  circumference  of  it's  reipeclive 
circle. 

XI.  But  if  this  lens  were  to  fupply  the  place  of  the 
objective  in  a  telefcope,  the  arches  PAP  and  PBP 
muft  contain  ftill  many  degrees  lefs.  For,  though 
the  diffufion  of  the  image  be  perceptible  of  itfelf,  the 
magnifying  power  multiplies  it, as  many  times  as  the 
object  is.  Therefore,  th^  greater  the  magnifying 
power  propofed,  the  fewer  muft  be  the  number  of 
degrees,  which  the  fui:faces  of  the  lens  contain. 

XII.  When  the  telefcope  is  intended  to  magnify 
JOG  times,  you  will  recoiled,  that  the  aperture  of 

6  the 
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the'ol]jeAive  lens  muft  be  3  inches,  and  it's  focal 
cfiftance  360  inches,  which  is  equal  to  the  radii  with 
which  the  two  arches  PAP  and  PBP  are  defcribed ; 
hence  it  follows  that  each  of  thefe  two  arches  con- 
tains but  half  a  degree ;  and  it  is  diftin£lneis  of  ex- 
preflion  which  requires  an  arch  fo  fmalL  If  it  were 
intended  to  magnify  200  times,  half  a  degree  ivduld 
be  fiill  too  much,  and  the  meafure  of  the  arch,  in 
that  cafe,  ought  not  to  exceed  the  third  part  of  a 
degree.  This  arch,  however,  muft  receive  an  ex- 
tent of  6  inches ;  the  radius  of  the  cirde  muft,  there- 
fore, be  fo  much  greater,  and  confequendy,  alio  the 
focal  diftance.  Tliis  is  the  true  reafon  why  great 
magnifying  powers  require  telefcopes  of  fuch  conii- 
derable  length. 

gtb  Marcb,  1762. 


LETTER  XCIX. 

Diminution  of  the  Aperture  of  Lenfes,  and  other  Means 
of  lejfening  the  Space  of  Diffujionj  till  it  is  reduced  to 
nothing. 

XT  7HEN  the  fpace  of  an  objecHve  lens  is  too 
W  great  to  admit  of  diftinclnefs  of  expreffion, 
it  may  be  very  eafdy  remedied :  you  have  only  to 
cover  the  lens  with  a  circle  of  pafteboard,  leaving 
an  opening  in  the  centre,  fo  that  the  lens  may  tranf- 
mit  no  other  rays,  but  thofe  which  fall  upon  it 
through  the  opening,  and  that  thofe  which  before 
paffed  through  the  extremities  of  the  lens  may  be  ex* 

eluded  i 
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duded ;  for  as  no  rays  are  tranfmitted  but  through 
the  middle  of  the  lens,  the  finallcr  the  opening  is,  the 
imaller  likewife  will  be.  the  fpace  of  difluiion.  Ac- 
cordinj^y,  by  a  gradual  diminution  of  the  opening, 
the  fpace  of  diffufion  may  be  reduced  at  pleafure. 

Here  the  cafe  is  the  fame  as  if  the  lens  were  no 
larger  than  the  opening  in  the  pafteboard,  thus  the 
covered  part  becomes  ufeleis,  and  the  opening  de- 
termines the  fire  of  the  lens ;  this  then  is  the  remedy 
employed,  to  give  objeftivc  lenfes  any  given  extent. 

PP  is  the  objedive  lens  {plate  IX.  fig.  6.)  before 
which  is  placed  the  pafteboard  NN,  having  the  open- 
ing M  M,  which  is  now  the  extent  of  the  lens.  This 
opening  MM  is  here  nearly  the  half  of  what  it 
would  be,  were  the  pafteboard  removed ;  the  fpao; 
of  dtfiufion  is,  therefore,  much  fmaller.  It  is  re- 
marked, that  the  fpace  of  difiufion,  in  this  cafe,  is 
only  the  fourth  part  of  what  it  was  before.  An 
opening  M  M,  reduced  to  a  third  of  P  P,  would  ren- 
der the  fpace  of  diffufion  nine  times  lefs.  Thus  the 
effed:  of  this  remedy  is  very  confiderable ;  and  on 
covering  the  extremities  of  the  lens  ever  fo  little,  the 
cffeft  of  it  becomes  perceptible. 

If,  therefore,  a  tdefcope  labours  under  this  dcfeft, 
that  it  does  not  repirefent  objefts  fufficiently  diftinft, 
as  a  fisries  of  images  blended  together  muft  of  ne- 
ceffity  produce  confufion,  you  have  only  to  contraft 
the  aperture  of  the  objedive  lens  by  a  covering  of 
pafteboard  fuch  as  I  have  defcribed,  and  this  confu- 
fion will  infallibly  difappear.    But  a  defed:  equally 

embarrafling 
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embarrafling  is  the  confequencc,  tlie  degree  of  brigUto 
ncfs  is  diminiflied.  You  will  recolleft  that  every 
degree  of  the  magnifying  power  requires  a  certsun 
aperture  of  the  objeftive  lens,  that  as  many  rays  may 
be  tranfmitted  as  are  neceffary  to  procure  a  fuffideot 
illumination.  It  is  vexatious,  therefore,  in  curing 
one  defe(^,  to  fall  into  another ;  and  in  order  to  the 
conftruclion  of  a  very  good  telefcope,  it  is  abfolutely 
ncceffar)'^  that  there  fhould  be  fuflBcient  brightnefs  <rf 
illumination,  without  injuring  diflindnefs  in  the  re- 
prefentation. 

But  can  tliere  be  no  method  of  diminifliing,  nay 
of  totally  reducing,  the  fpace  of  diffufion  of  objedive 
lenfes,  without  diminifliing  the  aperture  ?  This  is  the 
great  enquiry  which  has  for  fome  time  paft  engaged 
the  attention  of  the  ingenious,  and  the  folution  of 
which  promifes  fuch  a  field  of  difcovery  in  the  fdenoe 
of  dioptricks.  I  fliall  have  the  honour,  at  leafi,  erf 
laying  before  you,  the  means  which  fcientific  men 
have  fuggefted  for  this  purpofe. 

As  the  focus  of  the  rays  which  pafs  through  the 
middle  of  a  convex  lens  is  more  diftant  from  the 
lens,  than  the  focus  of  the  rays  which  pafs  through 
the  extremities,  it  has  been  remarked  that  concave 
lenfes  produce  a  contrary  effecl.  This  has  fuggefted 
the  enquiry,  whether  it  might  not  be  pofEble  to  com- 
bine a  convex  with  a  concave  lens  in  fuch  a  manner, 
that  the  fpace  of  diffufion  fliould  be  entirely  annihi- 
lated ;  while,  in  other  refpefts,  this  compound  lens 
fliould  produce  the  fame  eflfed  as  an  ordinary  fimple 

objedtive  ? 
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©bjeftive  ?  You  know  that  concave  lenfes  arc  mca* 
fured  by  their  focal  diftance  as  well  as  thofe  which 
are  convex ;  with  this  diifference,  that  the  focus  of 
the  concave  is  only  imaginary,  and  falls  before  the 
iens,  whereas  the  focus  of  convex  lenfes  is  real,  and 
falls  behind  them.  Having  made  this  remark,  we 
reafon  as  follows : 

L  If  we  place  (plate  IX.  fig.  7.)  behind  a  convex 
lens  P  A  P,  a  concave  one  Q  B  Q  of  the  fame  focal 
diftance,  the  rays  which  the  convex  lens  would  col- 
left  in  it's  focus  \^dll  be  refrafted  by  the  concave,  fo 
that  they  will  again  become  parallel  to  each  other,  as 
they  were  before  pafling  through  tl>e  convex  lens. 

II.  In  this  cafe,  therefore,  the  concave  lens  deftroys 
the  effeft  of  the  convex,  and  it  is  the  fame  tiling  as 
if  the  rays  had  proceeded  in  their  natural  direftion, 
without  undergoing  any  refraftion.  For  the  con- 
cave lens  having  it*s  focus  at  the  fame  point  F,  re- 
ftores  the  parallelifm  of  the  rays,  which  would  other- 
wife  have  met  at  the  point  F. 

III.  If  the  focal  diftance  of  the  concave  lens  were 
fmaller  than  that  of  the  convex,  it  would  produce  a 
greater  effeft,  and  would  render  the  rays  divergent, 
as  in  fig.  8.  of  -plate  IX :  the  incident  parallel  rays 
L  M,  E  A,  L  M,  paffing  through  the  two  lenfes, 
would  affume  the  direftions  N  O,  B  F,  N  O,  which 
are  divergent  from  each  other.  Thcfc  two  lenfes 
together  produce,  therefore,  the  fame  effeft  as  a 
finiple  concave  lens,  which  would  imprefs  on  the 
iocident  parallel  rays  the  fame  divergence.      Two 

.  fuch  lenfes  joined  together,,  of  which  the  concave  has 

a  fmaller 
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a  imaUer  focal  difbuice  than  the  convex,  are  thetei 
fore  equivalent  to  a  iimple  concave  lens4 

IV.  But  if  the  concave  lens  Q  Q  (plate  1X4  Jig.  9,) 
has  a  greater  focal  diftance  than  the  convex  lens  P  P» 
it  is  not  even  fufficient  to  render  parallel  to  each 
other  the  rays  which  the  convex  kns  by  itfelf  would 
colled  in  it's  focus  F :  thefe  rays,  therefore,  continue 
convergent,  but  their  convergence  will  be  diminiihed 
by  the  concave  lens,  fo  that  the  rays,  inftead  of  meet- 
ing in  the  point  F,  will  meet  in  the  more  diilant 
point  O. 

V.  Thefe  two  lenfes  joined  together  will  produce^ 
then,  the  fame  eflfcd,  as  a  fmiple  convex  lens  ivhich 
Ihould  have  it's  focus  at  O,  as  it  would  collect  the 
parallel  rays  L  M,  £  A,  L  M,  equally  in  the  fame 
point.  It  is  therefore  evident  that  two  lenfes  may 
be  combined  an  infinite  variety  of  ways,  the  one  be- 
ing convex  and  the  other  concave,  fo  that  their  com- 
bination fliall  be  equivalent  to  a  given  convex  lens. 

VI.  Such  a  double  objcftive  lens  may,  therefore, 
be  employed  in  the  conftruftion  of  telefcopes,  inflead 
of  the  fimple  to  which  it  is  equivalent ;  and  the  ef- 
feft,  as  to  the  magnifying  power,  will  be  jufl  the 
fame.  But  the  fpace  of  difFufion  will  be  quite  dif- 
ferent, and  it  may  happen  to  be  greater  or  lefs  than 
that  of  a  fimple  objeftive,  and  in  this  laft  cafe,  the 
double  objective  will  be  greatly  preferable  to  the 
fimple. 

VII.  But  farther,  it  has  been  found  poffible  to  ar- 
range two  fuch  lenfes  fo  that  the  fpace  of  difiufion  is^ 
reduced  abfolutely  to  r.otliing,  which  is,  undoubt- 
edly. 
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cdly,  the  ^cateftiadvantage  poffible  in  the  tojiftruct 
tion  of  tdefcopes.  Calculation  enables  us  to  deter* 
mine  this  arrangemeut,  but  no  artifi:  has.  hith^to 
been  found  capable  of  redudbgig.  it.  to  praii^ce*  .  i 

•     liib  March i  1762.  .       •  ..'...•        j     -    .       ■ 
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THE  combination  of  two  lenfes,  of  which  I  haVd 
now  given  the  idea,  is.  denominated  a  com<* 
pound  obgeftive :  the  end  propofed  from;  them  is^ 
that  all  the  rays,  as  well  as  thqfe  which  pafs  through 
the  extremities  of  a  lens,  as  thofe  which  pais  through 
the  middle,  fliould  be  colleded  in  a  fingle  point,  fo 
that  only  one  image  may  be  formed,  without  diffu- 
fion,  as  in  fimple  objeftives.  Could  artifts  fucceed 
in'eflfefting  fuch  a  conftruftion,  very  great,  advan- 
tages would  refult  from  it,  as  you  fliall  fee* 

It  is  evident,  firft,  that .  the  reprefentation  of  ob- 
jefts  muft  be.  much  more  diftind,  and  more  exaftly 
expreffed,  as  vifion  is  not  difturbed  by  the  apparition 
of  that  feries  of  images  which  occupy  the  fpace  of 
diflfufion,  when  the  objeftive  is  fimple. 

Again,  as  this  fpace  of  diffufion  is  the  only  reafon 
which  obliges  us  to  give  to  fimple  objedives  fuch  an 
exceffive  focal  diftance,:in  order  to  render  the  incon* 
venience  refulting  from  it  imperceptible ;  by  em- 
ploying compound*  objeftives  we  are  relieved  from 
that  cumberfomo^^pel^lit,  and  are  enabled  to  con- 
.   Vol.  II.        '  D  d  ftrud 
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ftniA  telefcopes  incomparably  ihorter,  yet  poflefliiig 
.the  fame  magnifying  power. 

When,  employing  a  fingle  objedive^  you  ixrant  to 
magnify  a  hundred  times,  the  focal  diibmce  cannot 
be  lefs  than  thirty  feet,  and  the  length  of  the  tele-* 
fcope  becomes  ftill  greater  on  account  of  the  ocular 
Ins,  whofe  focal  diftance  mufl  be  added  ;  a  fmall 
ol:3eftive  would  produce,  from  it's  greater  fpace  of 
difiuiion,  an  intolerable  confuiion.    But^  a  length  of 
thirty  feet  is  not  only  very  incommodious^  but  ar« 
tifb  fddom  fucceed  in  forming  lenfes  of  fo  great  a 
focal  diftance.    You  will  readily  perceive  the  reafbn 
of  this :  for  the  radius  of  the  furfaces  of  fuch  a  lens 
muft  likewiie  be  thirty  feet,  and  it  is  very  difficult  to 
defcribe  exadly  fo  great  a  drde,  and  the  flighteft 
aberration  renders  all  the  labour  ufelefs. 

Accidents  of  this  fort  are  not  to  be  apprehended 
in  the  confirudion  of  compound  objective  l»ifes, 
which  may  be  formed  of  Imaller  circles,  provided 
they  are  fufceptible  of  the  aperture  which  the  mag- 
nifying power  requires.  Thus,  in  order  to  magnify 
one  hundred  times,  we  have  feen  that  the  aperture 
of  the  objcdtive  lens  muft  be  three  inches  ;  but  it 
would  be  eafy  to  cqnftruA  a  compound  objedive 
whofe  focal  diftance  ihould  be  only  one  hundred 
inches,  and  which  could  admit  an  aperture  of  more 
than  three  inches  :  therefore,  as  the  focal  diftance  of 
the  ocular  muft  be  one  hundred  times  fmaller,  it 
would  be  one  inch ;  and  the  interval  between  the 
lenfes  being  the  fum  of  their  focal  diftances,  the 
length  of  the  tdefcope  would  be  only  one  hundred 

and 
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and  one  inches,  or  eight  feet  five  inches,  which  is  far 
Ihort  of  thirty  feet. 

But  it  appears  to  me,  that  a  compound  objedtive, 
whofe  focal  diftance  fhould  be  fifty  inches,  might 
eafily  admit  an  aperture  of  three  inches,  and  even 
more :  taking  then  an  ocular  of  half  an  inch  focus, 
you  will  obtain  the  fame  magnifying  power  of  one 
hundred  times,  and  the  length  of  the  telefcope  will 
be  reduced  one  half,  that  is  to  four  feet  and  lefs  than 
three  inches.  Such  a  telefcope,  then,  would  produce 
the  fame  eflfeft  as  a  common  one  of  thirty  feet,  which 
is  afluredly  carrying  it  as  far  as  need  to  be  wiihed. 

If  fuch  a  compound  obje<ftive  could  be  made  to 
anfwer,  you  would  only  have  to  double  all  thefe 
meafurements  in  order  to  have  one  which  fhould  ad- 
mit an  aperture  of  fix  inches,  and  this  might  be  em- 
ployed to  magnify  two  hundred  times,  making  ufc 
of  an  ocular  of  half  an  inch  focus,  as  the  two  hun- 
dredth  part  of  the  focal  difbnce  of  the  objedive^ 
which  would,  in  this  cafe,  be  one  hundred  inches. 
Now,  a  common  telefcope  which  fhould  magnify  two 
hundred  times,  mufl  exceed  one  hundred  feet  in 
length ;  whereas  this  one,  which  is  confhnfted  with 

r 

a  compound  objeftive,  is  reduced  to  about  eight  feet, 
and  is  perfe<9iy  accommodated  to  ufe,  whereas  a  te- 
lefcope of  one  hundred  feet  long  would  be  an  un- 
wieldy and  almofl  ufelefs  load. 

The  fubjed  might  be  carried  flill  much  farther, 
and  by  again  doubling  the  meafurements,  we  might 
have  a  conipound  objeftive  whofe  focal  diflance 
fhould  be  two  hundred  inches,  or  fixteen  feet  eight 

.  D  d  2  i3[iche$^ 
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inches,  which  fliould  admit  of  an  aperture  of  twelve 
inches  or  one  foot :  taking,  then^  an  ocular  of  half 
an  inch  focus,  as  two  hundred  inches  contain  four 
hundred  half  inches,  we  Ihould  have  a  telcfcope  ca- 
pable of  magnifying  four  hundred  times,  and  ftill 
abundantly  manageable,  being  under  feventeen  feet  ; 
whereas  were  we  to  attempt  to  produce  the  fame 
magnifying  power  with  a  fimple  objeftive  lens,  the 
length  of  the  telefcope  muft  exceed  three  hundred 
feet,  and  confequently  could  be  of  no  manner  of  u£e, 
on  account  of  that  enormous  fize. 

They  have  at  Paris  a  telefcope  one  hundred  and 
twenty  feet  long,  and  one  at  London  of  one  hundred 
and  thirty  feet ;  but  the  dreadful  trouble  of  mount- 
ing, and  pointing  them  to  the  objeft,  almoft  annihi- 
lates the  advantages  expefted  from  them.  From  this 
you  will  conclude  of  what  importance  it  would  be 
to  fucceed  in  the  conftruftion  of  the  compound  lenfes 
which  I  have  been  defcribing.  I  fuggefted  the  firfl 
idea  of  them  feveral  years  ago,  and  lirice  then,  artifts 
of  the  greateft  ability  in  England  and  France  have 
been  attempting  to  execute  them.  Repeated  efforts, 
and  lingular  {kill,  in  the  artift,  are  undoubtedly  re- 
quifite.  Indeed,  I  have  made,  with  the  affiflance  of 
an  able  mechanician  of-  our  Academy,  fome  not  un- 
fuccefsful  attempts,  but  the  expence  attending  fuch 
an  enterprizehas  obliged  me  to  give  it  up. 

But  the  Royal'  Society  of  London  laft  year  an- 
nounced, that  an  eminent  artift,  of  the  natne  of  Dol- 
lond,  had  fortunately  fucceeded  ;  and  his  telcfcopes 
arc  now  univerfally  admired.   An  able  artift  of  Paris, 

named 
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named  Paffament,  boafts  of  a  fimilar  fuccefs.  Botli 
thefe  gentlemen  did  me  the  honour,  fome  time  ago, 
to  correfpond  with  me  on  the  fubjeft ;  but  as  the 
point. in  queftion  was  chiefly,  how  to  furmount  cer- 
tain great  diffiqjiltieSi  in  the  praftical  part,  which  I 
never  attempted,  it  is  but  fair  that  I  ihould  rdinquilh 
,to  them  the  honour  of^.  the  difcovery.  The  tl\eory 
;alone  is  my  province^  and  it  has  coft  me  much  pro^ 
found  r-^earch,  and  many  painful  calculations,  the 
very  fight  of  which,  would  terrify  you.  I  Ihall  there- 
fore take  care  not  to  perplex  you  farther  with  this 
abftrufe  enquiry.,  , 

i6th  March  ^  1762.  ^ 


»Q»9f*d< 


. .  L  E  T  T  E  R     CI. 

Formation  of  Simple  Objedive  Lcfifes. 

IN  order  to  give  you  fome  idea  of  the  refearches 
wjiich  led  me  to  the  conftruftion  of  compound 
objective  lenfes,  I  muft  begin  with  the  formation  of 
the  fimple  lens. 

.  Obferve,  firft,  that  the  two  furfaces  of  a  lens  may 
be  formed  in  an  infinity  of  different  ways,  by  taking 
circles  of  which  the  furfaces  are  fegments,  either 
equal,  or  unequal  to  each  other,  the  focal  difl:ance, 
however,  remaining  always  the  fame. 

The  fame  figure  is  ufually  given  to  both  furfaces 
of  a  lens,  or,  as  the  furfaces  of  a  lens  are  reprefented 
by  arches  of  a  circle,  both  furfaces  are  formed  with 
X-adii  equal  to  each  other.    Facility  of  execution  has, 
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undoubtedly,  recommended  this  figure,  as  the  fame 
bafon  ferves  to  form  both  furfaces,  and  moft  artifis 
are  provided  with  but  few  bafons. 

Suppofe,  then,  a  convex  lens,  both  whofe  fUrfaces 
arc  poiiflied  on  the  fame  bafon,  one  of  twenty-four 
inches  radius,  fo  that  each  furface  fliall  be  an  arch  of 
the  circle  whofe  radius  is  twenty-four  inches  :  this 
lens  will  be  convex  on  both  fides,  and  will  have  it's 
focal  diftance  at  twenty-four  inches,  according  to  the 
common  calculation ;  but  as  the  focus  depends  on 
the  refraftion,  and  as  the  refraftion  is  not  abfolutdy 
the  fame  in  every  fpecies  of  glafs,  in  which  we  find 
a  very  confiderable  diverfity,  according  as  the  glafs 
is  more  or  lefs  white  and  hard,  this  calculation  of 
the  focus  is  not  flridly  accurate ;  and  ufually  the 
focal  diftance  of  the  lens  is  fomewhat  lefs  than  the 
radius  of  it's  two  furfaces,  fometimes  the  tenth  part, 
fometimes  the  twelfth ;    accordingly,  the  lens  fup- 
pofed,  the  radius  of  whofe  furfaces  is  twenty-four 
inches,  will  have  it's  focus  at  the  diflance  of  about 
twenty-two  inches,  if  it  is  formed  of  the  fame  fpede^ 
of  glafs  of  which  mirrors  are  commonly  manufac- 
tured :    though  even  in  glafs  of  -this  fort  we  meet 
with  a  fmall  diverfity  in  refpeft  of  refraftion. 

We  fee  afterwards  that  on  making  the.  two  fur- 
faces of  the  lens  unequal,  an  infinity  of  othei*  lenfes 
may  be  formed,  which  fhall  all  have  the  fame  focal 
diftance ;  for  on  taking  the  radius  of  one  of  the  fur- 
faces lefs  than  twenty-four  inches,  that  of  the  other 
furface  muft  be  taken  greater  in  pi  oportion,  accord- 
ng  to  a  certain  rule*  The  radius  of  one  of  the  fur- 
faces 
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laces  may  always  be  taken  at  pkafure ;  and  by  means 
of  a  certain  rule^the  radius  of  the  odier  maybe  found> 
in  order  that  the  focal  diflance  may  become  the  fame 
as  if  each  furface  had  been  formed  on  a  radius  of 
twenty*fbur  inches.  The  following  table  exhibits 
feveral  fixch  lenfes,  which  have  all  the  fame  focal 
diflance. 


Radii  of  the  firft 

1  Radii  of  the  fecond 

Lenfes* 

Sor&ce. 

Sarface. 

I. 

24 

.  24 

u. 

21 

28 

ffl. 

20 

.30 

w. 

18 

36 

♦ 

.V. 

16 

48 

VL 

M 

60       . 

vn. 

«4 

84 

VHI. 

13 

156 

IX. 

12 

infinity. 

In  the  laft  form,  die  r^us  of  one  furface  is  only 
1 2  inches,  or  the  half  of  24  inches^  but  that  of  thp 
other  becxmies  infinite ;  or  rather,  this  furface  is  ap 
arch  of  a  drde  infinitely  great ;  and  as  fuch  an  arch 
dififers  nothing  from  a  fbrai^t  line,  this  may  be  con- 
fidered  as  a  plane  furface,  and  fuch  a  lens  is  plano- 
convex. 

Were  we  to  aflume  the  radius  of  a  furface  iUU 
fmaHer  than  12  inches,  the  other  furface  muft  be 
made  concave,  and  the  lens  wiU  become  convexo- 

Dd  4  concave; 
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concave;  it  'will,  in  that  cafe,  bear  the* name  xif  /w- 
ntfcusj  fevefal  figures  of  which  are  prefented  in  the 
following  table. 


Menifcu^. 

Radius  of  the  Convex 
Surface. 

Radi  u»  of  the  CoQcaw 
•  Surface. 

X. 

XI. 

II 

lO 

.i3.a 

6o 

XII. 

xm. 

XIV. 

■                             *             -   r 

9 

8 

6 

3^ 

12 

XV. 

4 

y-      6 

XVI. 

3 

4 

Here,  then,  is  a  new  fpecies  of  lenfes,  the  laft  of 
which  is  reprefented  in^g.  1 1  of  plate  IX.  fo  that  we 
have  now  1 6  diflferent  fpecies,  which  have  all  the 
fame  focal  diftance;  and  this  is  about  22  inches,  a 
little  more  or  lefs,  according  to  the  nature  of  the 
glafs. 

When,  therefore,  the  only  queftion  is.  What  focal 
diftance  the  lens  ought  to  Save  ?  it  is  a  matter  of  in- 
difference  according  to  which  of  thefe  forms  you  go 
to  work :  but  there  may  be  a  very  great  difference  in 
the  fpace  of  diffufion,  to  which  each  fpecies  is  fub- 
jefted,  this  fpace  becoming  fmaller  in  fome  than  in 
others.     When  a  fimple  objeftive  lens  is  to  be  em- 
'ployed,  as  is  ufually  done,  it  is  by  no  means  indifferent 
of  what  figure  you  affume  it,  for  that  which  produces 
the  fmalleft  fpace  of  difiufion  is  to  be  preferred.  Nowj 

this 
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this  excellent  property  does  not  belong  :to  the  firft 
Ipecies,  where  the  two  furfaces  are  equal;  but  nearly 
to  fpedes  VII.  which  poffeffes  the  quality,  that  when 
you  turn  toward  the  objefl  it*s  more  convex  furface^ 
or  that  whofe  radius  is  fmalleft,  the  fpace-  of  diffufion 
is  fiound  to  be- about  one  half,  lefe,  than  when  the 
lens  is  equally  convex  on  both  fides :  this,  therefore, 
is  the  moft  advantageous  figure  for  fimple  objeftive 
lenfes,  and  praditioners  are  accoi:dingly  agreed  in  the 
ufe  of  it. 

It  is  evident,  then,  that  in  order  to  afcertain  the 
fpace  of  diffufion  of  a  lens,  it  is  not  fufficient  to  know 
it's  focal  difl:ance,  it's  fpecies  likewife  mufl;  be  deter- 
mined, ^hat  is,  the  radii  of  each  furface,  and  you  naufl: 
carefully  diftinguifli  which  fide  is  turned  to  the  ob- 
jeft. 

After  this  explanation,  pleafe  to  remark,  that  in 
order  to  difcoyer  the  combination  of  two  lenfes  which 
fliall  produce  no  diffufion  of  image,  it  is  abfolutely 
neceflary  to  take  into  the  account  the  figure  of  both 
furfaces  of  each  glafs,  and  to  refolve  the  following 
problem,  What  muji  be  the  radii  of  the  furfaces  of  tiVo 
lenfes^  in  order  to  reduce  to  nothing  the  fpace  of  diffufion  ? 
The  Joliition  requires  the  mofl:  profound  refearches 
of  the  mofl:  fublime  geometry;  and  fuppofing  thefe 
to  have  been  fuccefsful,  the  artifl:  has,  after  all,  many 
difficulties  to  furmount.  The  bafons  muft  have  pre- 
cifely  that  curve  which  the  calculation  indicates;  not 
is  that  fufficient,  for  in  the  operation  of  forming  the 
lens  on  the  bafon,  the  bafon  fuffers  from  the  friftion 
in  it's  turn ;  hence  it  becomes  neceflary  to  reftify  it's 

figure 
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figure  from  time  to  time,  with  all  poffible  accuracy, 
for  if  all  thefe  precautions  are  not  firidly  ofafervedy 
it  if  impoffiUe  to  enfure  fuccels;  and  it  is  no  eafy 
matter  to  prevent  the  lens  from  affuming  a  figure 
fimewhat  di£krent  from  that  of  the  baibn  in  vhidi 
it  is  moulded.  You  mufl:  be  fenfiUe,  fixntn  all  this, 
how  difficult  it  muft  be  to  carry  to  perfe^on  this 
important  article  in  dioptricks. 

woA  MmrJ^,  176%. 

LETTER    Cn. 

Second  Smrce  o/Defeffj  as  to  DiJlinSnefs  ofReprefenta^ 
Hon  by  the  Tele/cope.     Different  Refran^bilifj  tfRajt. 

YOU  have  now  feen  in  what  manner  it  may  be 
poffible  to  remedy  that  defed  in  lenies  which 
arifes  from  the  different  refradion  di  rays,  as  tho& 
which  pa&  through  the  extremities  of  a  lens  do  not 
meet  in  the  £une  point  with  thofe  which  pais  through 
it's  middle,  the  effeft  of  which  is  an  infinity  of  images 
£fper&d  through  the  fpace  of  difiufiion.  But  this  is 
not  the  only  defed;  there  is  another,  of  fo  much 
more  importance  that  it  feems  impoffible  to  apply  a 
remedy,  the  caufe  e:dfting  not  in  the  glafs,  but  in  the 
nature  of  the  rays  themfelves. 

You  will  recoiled  that  there  is  great  variety  in 
rays,  with  refpeft  to  the  dijBFerent  colours  of  which 
they  convey  the  impreffion.  I  have  compared  this^ 
diverfity  to  that  which  we  meet  with  in  mufica^ 
ilotes,  having  laid  it  down  as  a  principle,  that  each 

CL  colour 
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colour  is  attached  to  a  certain  number  of  vibrations* 
But  fuppofing  that  this  explanation  ihould  ftill  ap» 
pear  doubtful,  it  is  beyond  all  doubt,  that  rayB  of 
different  colours  likewife  undergo  di&rent  refirao 
tions  in  their  paflage  from  one  tranfparent  medium 
to  another;  thus  red  rays  undergo  the  leaft  refirao- 
tion,  and  violet  the  greateft,  thou^  the  difference  is 
almoft  imperceptible.  Now,  all  the  other  colours,  as 
orange,  yellow,  green,  and  blue,  are  contained,  with 
refpeft  to  refraftion,  within  thefe  two  limits.  It 
muft  likewife  be  remarked  that  white  is  a  mixture 
of  all  the  colours,  which,  by  r^adion,  are  ieparated 
from  each  other. 

In  fka,  when  {platB  IX.  fig.  12.)  a  white  ray  OI\ 
pr,  a  ray  of  the  fun,  falls  obliquely  on  a  piece  of  ^iafi 
A  B  C  D,  inftead  of  purfuing  it's  courfe  in  the  direc* 
tion  P  Q,  it  not  only  deviates  from  this,  but  divides 
into  a  variety  of  rays  Pr,  P j,  P  f,  P  v:  the  firft  of 
which  P  r,  the  one  that  deviates  leaft,  reprefents  the 
red  colour,  and  the  laft  P  x^,  which  deviates  moft,  the 
violet  colour.  The  difperfion  rv  is  indeed  much 
Sn^ner  d^  i,  app^  to  ^e  Sgur. ,  thi  di^ge^c. 
however,  always  becomies  more  perceptible. 

From  this  different  refirangibility  of  rays,  accord- 
ing to  their  different  colours,  are  produced  the  foU 
lowing  phenomena,  with  refpeft  to  dioptrick  ^bffes* 

I.  Let  PP  (plate  l^-fig*  13.)  be  a  convex  lens,  on 

» 

the  axis  of  which  O  R,  at  a  very  great  diftance  A  O, 
is  the  objeft  O  (?,  the  image  of  which,  as  reprefented 
by  the  lens,  we  are  to  determine,  putting  afide,  here, 
the  firft  irregularity,  that  which  refpefts  difiiifion,  or, 

which 
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which  amounts  to  the  fame  thing,  attending  to  thofe 
•rays  only  which  pafs  through  the  centre  of  the  Icm 
A  B,  as  if  it's  extremities  were  covered  with  a  circk 
of  pafieboard. 

.  n.  Let  us  now  fuppofe  the  objeft  O  e?  to  be  red,  ib 
that  all  it's  rays  fhall  be  of  the  fame  nature  ;  thelem 
will  fomewhere  reprefent  the  image  of  it  R  r  equally 
red ;  the  point  R  is,  in  this  cafe,  denominated  the 
focus  of  the  red  rays,  or  of  thofe  which  undergo  the 
leaft  refraction.  ,      ■    i       , 

in.  But  if  the  objeiSt  O  c  is  violet, :  as  rays  of  this 
colour  undergo  the  greateft  refra&iony  the  image  V« 
will  be  nearer  the  lens  than  R  r ;  this  point  V  is 
called  the  focus  of  violet  rays. 

IV.  If  the  object  were  painted  fome  other  inter- 
mediate colour  between  red  and  violet,  the  image 
would  fall  between  the  points  R  and  V,  -would  be 
always  very  diftinft,  and  terminated  by  the  flraight 
line  c  B,  drawn  from  the  extremity/?  of  the  oh]t&^ 
through  the  centre  of  the  lens,  tliis  being  a  general 
rule  for  all  colours. 

V.  But  if  the  colour  of  the  objeft  is  not  pure,  as  is 
the  cafe  in  almoft  all  bodies ;  or  if  the  object  is  white, 
which  is  a  mixture  of  all  colours,  the  different  fpedes 
of  rays  will  then  be  feparatcd  by  rcfraftion,  and  each 
will  reprefcnt  an  image  apart.  That  which  is  formed 
of  red  rays  will  be  at  R  r;  and  tliat  which  is  produced 
by  the  violet,  at  Y  v;  and  the  whole  fpace  R  V  will 
be  filled  with  images  of  the  intermediate  colours. 

VI.  The  lens  PP,  then,  will  reprefcnt  a  fucceffion 
of  images  of  the  object  O  o  difpofed  through  the 

fmaU 
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finaU  fpace  R  V,  of  which,  the  moftiremote  feomtfce 
lens,  is  red,  and  the.ncareft  y,v  vioidt,  aiid  the^inter^ 
mediate  images  of  the  intermediate  ix^leun^ji  accord- 
Uig  to  the  order  of  the  colours  as  they  appear  ia  t&e 
tainbbw.   .        ♦  *        ••-       .  <:-  : 

1'  VIL  Each  of  thefe  images  will  be  abundantly  difc 
tinft  in  itfelf,  and.  all  terminated  by  the  ftraight  link: 
fiMvri,  drawn  from  the*  extremity  od  the  obj^ft 
through  the  centre  of  the  lens  B:  but  they  could  not 
be  viewed  together,  without  a  very  perceptible  con- 
fufion. 

VIII.  Hence,  then,  is  produced- a^  new  fpace  of  dif- 
fufion,  as  in  the  firft  irregularity,  but  diiffering  from 
it  in  this,  that  the  latter  is  independent  on  the  aper- 
ture of  the  lens,  and  that  each  image  is  painted  of^a 
particular  colour. 

►  IX".  This  fpace  of  diflFufion  R  V  depends  on  the  focal 
diftance  of  the  lens,  fo  as  to  be  always  about  the 
twenty-eighth  part ;  when,  therefore,  the  focal  dif- 
tance of  the  lens  P  P  is  28  feet,  the  fpace  R  V  be- 
comes equal  to  an-  entire  foot,  that  is;  the  diftance 
between  the  red  image  R  r  and  the  violet  V  *y  is  one 
foot.  If  the  focal  diftance  tvere  twite  as  great,  or 
56  feet,  the  fpace  R  V  wpuld  b^  two  feet,  and  fo  of 
other  diftances. 

X.  Hence,  the  calculation  of  fhe  focal  diftance  of  a 
lens  becomes  uncertain,  as  the  tays  of  each  colour 
have  their  feparate  focus :  when,  therefore,  the  focus 
of  a  lens  is  mentioned,  it  'w  always  neceflary  to  an- 
nounce  the  colour  that  we  mean.  .  But  rays  of  an 

intermediate 
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intennediate  nature  are  commonly  underftood^  thofe 
between  red  and  violet,  namely  the  green. 

XL  Thus,  when  it  is  laid,  without  further  esqsb- 
nation,  that  the  focal  difiance  of  fuch  a  lens  ia  56 
feet,  we  are  to  underftand  that  it  is  the  green  image 
which  £Ul8  at  that  diftance ;  the  red  ima^  will  M 
about  a  foot  further  ofi^  and  the  violet  a  foot  nearer. 

Here,  then,  is  a  new  drcumftance  of  eficntial  im- 
portance, to  which  attention  muft  be  paid  in  the 
conftniftion  of  dioptrical  infiruments* 

%ldMarcbi  1762. 

LETTER  cm. 
Mems  rf  remedying  this  DefeS  by  compound  ObjeSHveu 

IT  is  neceflary  carefully  to  diftinguiih  this  new  dif« 
fufion,  or  multiplication  of  the  image,  ariiing  firom 
the  diBferent  refrangibility  of  rays,  as  being  of  dif« 
ferent  colours  from  the  firft  difiuiion,  occafioned  by 
the  aperture  of  the  lens,  in  as  much  as  the  rays  which 
pais  through  the  extremities  form  another  image 
than  thofe  which  pais  through  it's  middle.  This 
new  defed  muft,  accordingly,  be  remedied  diffe- 
rently from  the  firft. 

You  win  pleafe  to  recoiled:,  that  I  have  propofed 
two  methods  for  remedying  the  preceding  defe£t; 
the  one  confifted  in  an  increafe  of  the  focal  difiance, 
in  order  to  diminiih  the  curve  of  the  furfaces  of  the 
lens.  This  remedy  introduces  inftruments  extremely 

long. 
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long,  whenever  a  great  magnifying  po#cr  b  re- 
quired. The  other  confiils  in  a  combination  of  two 
lenfe39  ^^^  one  convex,  and  the  other  concave,  to  mo« 
dify  the  refradion,  fo  that  all  the  rays,  tranixnitted 
through  thefe  lenfes,  may  meet  in  the  fame  point, 
and  the  fpace  of  difiufion  be  totally  reduced. 

But  neither  of  thefe  remedies  affords  the  leaft  a£- 
fiilance  toward  removing  the  inconvenience  aiifiog 
from  the  different  refirangibility  of  rays.  The  firft 
even  increafes  the  evil,  for  the  more  that  the  focal 
diftance  is  increafed,  the  more  coniiderable  becomes 
the  fpace  through  which  the  coloured  images  are  di& 
perfed.  Ndther  does  the  combination  of  two  c^ 
more  lenfes  furniih  any  afiiilance ;  for  we  are  afiured 
from  both  theory  and  experience,  that  the  im;^es  of 
different  colours  remain  always  feparated,  however 
great  the  number  of  lenfes  thi:oagh  which  the  rays 
are  tranfinitted,  and,  that  the  more  the  Ien$  mag- 
nifies, the  more  the  di&rence  mcreafes. 

Thi3  difficulty  appeared  fo  formidable  to  the  great 
Newttm^  that  he  defpaired  of  finding  a- remedy  for  a 
defect  which  he  believed  abfolutdy  infeparable  from 
dioptrical  infiruments,  when  the  vifion  is^  produced 
by  refradted  rays.  For  this  reafon  he  refblved  to 
give  up  refradion  altogether,  and  to  employ  mirrors 
inftead  of  objeAive  lenfes,  as  refledion  is  always  tlu^ 
iame  for  rays  of  every  nature.  This  idea  hasi  pro- 
cured for  us  thofe  excellent  reflecting  tele&opes^ 
whofe  furprizing  effe£bs  are  fo  juftly  admired,  and 
which  I  Ihall  defcribe  after  I  have  explained  every 
Aing  relating  to  refrading  infiruments. 

On 
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•  On  being  convinced  that  it  was  impbffible  td  fe* 
xnedy  the  diflPerent  refrangibility  of  rays,  by  a  combi^ 
nation  of  feveral  lenfes,  I  remarked  that  the  reafon 
of  it  was  founded  on  the  law  of  xdfradion,  ivhich  is 
the  fame  in  every  fpecies  of  glaffes ;  and  I  perceived, 
that  if  it  were  poffible  to  employ  other  trah^arent 
fiibftances,  whofe  refra£lion  fhould  be  confiderably 
different  from  that  of  glafs,  it  might  be  very  poffible 
to  combine  fuch  fubfiance  with  glais,  in  fuch  a  man^ 
ner  that  all  the  rays  fliould  unite  in  the  formation  of 
a  fingle  image,  without  any  fpace  of  diffuiion.  In 
purfuance  of  this  idea,  I  found  means  to  compofe 
objective  lenfes,  of  glais  and  water,  wholly  exempt 
from  the  effect  of  the  different  refrangibility  of  rays, 
which,  confequently,  would  produce  as  good  an  ef- 
fect as  mirrors* 

I  executed  my  idea  with  two  menifque,  or  con- 
cavo-convex lenfes,  (plate  IX.  fig.  14.)  the  one  of 
which  is  A  A  C  C,  and  the  other  B  B  C  C,  which  I 
joined  together  with  the  concave  fiirfaces  toward 
each  other,  filling  the  void  between  them  with  wa- 
ter, fo  that  the  rays  which  entered  by  the  lens 
A  A  C  C  muft  pafs  through  the  water  indofed  be- 
tween the  t\vo  lenfes,  before  they  went  off  through 
C  C  B  B.  Each  ray  undergoes,  then,  four  refrac-^ 
tions :  the  firft  on  paffing  from  the  air  into  the  lens 
A  A  G  C ;  the  fecond,  on  paffing  from  this  lens  into 
the  water;  the  third  on  paffing  thence  into  the  Other 
lens  C  C  B  B ;  the  fourth,  on  paffing  from  this  lens 
into  the  air. 

As  the  four  furfaces  of  thefe  two  lenfes  here  enter 

into 
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ititb  confideration,  I  found  means  to  determine  their 
femidiameters,  fo  that,  of  whatever  colour  a  ray  of 
fight  might  be,  after  having  undergone  thefe  four 
refraftions,  it  fliould  re-unite  in  the  fame  point,  and 
the  different  refrangibility  no  longer  produce  diffe- 
rent images. 

Thefe  objeftives,  compounded  of  two  lenfes  and 
water,  were  found  fubjeft,  at  firft,  to  the  former 
defeft,  namely,  that  of  the  rays,  which  pais  through 
the  extremities,  forming  a  different  focus  from  what 
is  formed  by  thofe  which  pafs  through  the  middle  ; 
but,  after  much  painful  refearch,  I  found  means  to 
proportion  the  radii  of  the  four  furfaces  in  fuch  a 
manner,  that  thefe  compound  objeftives  became 
wholly  exempted  from  the  defefts  of  both  the  daffes 
fpecified.  But  it  was  neceffary,  to  this  effeft,  to 
execute  fo  exa£Uy  all  the  meafurements  prefcribed 
by  the  calculation,  that  the  flighteft  aberration  muft 
become  fatal  to  the  whole  procefs  ;  I  was,  therefore, 
obliged  to  abandon  the  conftruction  of  thefe  ob^ 
jeftives. 

Befides,  this  projeft  could  reitiedy  only  the  incon- 
veniences which  affecl  the  objective  lens,  and  the 
ocular  lens  might  ftill  labour  under  fome  defed  as 
great,  which  it  would  be  impoffible  to.  remedy  in  the 
fame  manner.  Several  ocular  lenfes  are  frequently 
employed  in  the  conftruftion  of  telefcopes,  which  I 
fliall  defcribe  afterwards ;  we  fliould  not,  therefore, 
gain  much  by  a  too  fcrupulous  adherence  to  the  ob- 
jeftive  only,  while  we  overlook  the  other  lenfes. 

Vol.  JL  E  e  though 
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reprefent  an  infinity  to  the  eye,  or  a  fcries  of  imager, 
each  of  which  expreffcs  a  fcparate  object,  but  of  a 
particular  colour. 

I  IV.  Let  us  no^  confider  {plate  IX.  fig.  1 5,)  the 
laft  images  prcfented,  by  the  telefcope,  to  an  eye 
f^ed  at  O ;  and  let  R  r  be  the  red  image,  and  V  *o 
tie  violet,  thofe  of  the  other  colours  being  betwreen 
thefe  two^  according  to  the  order  of  their  different 
rfefrangibility.  I  have  not,  in  this  figure,  introduced 
the  knfes  of  the  telefcope ;  the  only  point,  at  prc- 
fent,  being  to  fhcw  in  what  manner  the  eye  fees  the 
images.  Only  we  muft  conceive  the  diftance  of  the 
eye  O  from  thefe  images  to  be  very  great. 

V.  All  thefe  images  R  r  and  V 1;,  with  the  inter- 
mediate,  are  fituated,  theiiy  on  the  axis  of  the  tele- 
fcope O  R  V,  and  terminated  by  a  certain  flraight 
line,  r  v^  denominated  the  terminatrix  of  all-  the 
images. 

VI.  As  I  have  reprefented  thefe  images  in  the 
figure,  the  red  image  Rr  is  feen  by  the  eye  at  O, 
under  the  angle  R  O  r,  which  is  greater  than  the 
angle  V  O  1;,  under  which  the  violet  image  V  -y  is 
feeri.  The  violet  rays  which,  from  the  image  V  -y, 
enter  into  the  eye,  are,  theriSfore,  blended  with  the 
red  which  come  from  the  part  R  r  ^f  the  red  image 
R  r. 

VII.  Confequently,  the  eye  cannot  fee  the  violet 
image  without  a  mixture  of  rays  of  other  colours, 
but  which  correfpond  to  different  points  of  the  ob- 
jeft  itfelf ;  thus  the  point  n  of  the  red  image  is  con- 
founded in  the  eye  with  the  extremity  ^c  of  the  vio- 
let 
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let  image,  from  which  a  very  great  confufion  muft 
arife. 

Vni.  But  the  ray  r  O  not  being  mixed  with  the 
others,  the  extremity  feen  will  appear  red,  or  the: 
image  will  feem  bordered  with  red,  which  afterward 
fucceiSvely  blends  with  thefe  other  colours,  fo  that 
the  objeft  will  appear  with  a  party-coloured  border, 
a  fault  very  common  in  telefcopes,  to  which  fome, 
however,  are  lefs  fubjed  than  others. 

IX^  If  the  greater  image  R  r  were  the  violet  and 
V  V  the  rec^,  the.  confufion  would  be  equally  oflFen- 
five,  with  this  diflFerence  only,  that  the  extremities  of 
the  objeft  would  then  appear  bordered  with  violet, 
inftead  of  red. 

X.  The  confufion  depends,  then,  on  the  pofition 
of  the  terminating  fl:raight  line  r  v,  with  relation  to 
the  line  VO,  and  the  diverfity  which  may  take  place 
in  it ;  the  refult  mufl;  be,  Ahat  the  confufion  will  be 
fometimes  greater  and  fometimes  lefs. 

XL  Let  us  now  confider  the  cafe,  in  which  the 
laft  images,  reprefented  by  the  telefcope,  are  fo  ar- 
ranged, that  the  ftraight  terminating  line  v  r  being 
produced,  would  pafs  precifely  into  the  eye.  The 
eye  will  then  fee  (plate  IX.  Jig.  i6.)  along  a  fingle 
ray  vrO,  all  the  extremities  ;  and,  in  general,  all  the 
points  which  correfpond  to  one  and  the  fame  point 
of  the  objeft,  will  be  conveyed  to  the  eye  by  a  fingle 
ray ;  and  will  there,  confequently ,  be  difi:inclly  re- 
prefented. 

Xll.  Here,  then,  is  a  cafe,  in  which,  notwithfl:and- 
ing  the  diverfity  of  images,  the  eye  may  fee  the  ob-: 

E  e  3  ject 
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jcA  di£tixi<My,  without  any  confiifion  of  the  different 
parts,  as  happened  in  the  preceding  cafe.  This  ad- 
vantage, then,  will  be  obtained,  when  the  termi- 
nating line  V  r,  being  produced,  paflcs  through  the; 
place  of  the  eye  O. 

XIII.  As  the  arrangement  jof  the  laft  images  R  r 
and  V  V  depends  on  the  difpofition  of  the  ocular 
lenfes,  in  order  to  refcue'  telefcopes  from  the  defed 
imputed  to  them,  nothing  more  is  requifite  but  to 
arrange  thefe  lenfes  in  fuch  a  manner,  that  the  ter- 
minating line  of  the  laft  images  v  r  fhall  pais  through 
the  eye ;  and  telefcopes,  thus  conftruded,  will  always 
be  excellent. 

y^tb  March^  1762. 
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Recapitulation  of  the  Qualities  of  a  good  Telefcope. 

ON  taking  a  general  review  of  the  fubjeft,  you 
will  readily  admit  that  an  excellent  telefcope 
is  a  moft  valuable  commodity,  but  rarely  to  be  met 
with,  being  fubject  to  fo  many  defefts,  and  fo  many 
qualities  being  requifite,  each  of  which  has  an  effen- 
tial  influence  on  the  conftruction  of  the  inftrument. 
As  the  number  of  the  good  qualities  is  confiderable, 
that  no  one  of  them  may  efcape  your  obfervation,  I 
fliall  again  go  over  the  ground,  and  make  a  diftind 
/^numeration  of  them. 

I.  The  firft  refpefts  the  magnifying  power ;   and 
the  more  that  a  telefcope  magnifies  objects,  the  more 

perfect 
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perfed  nndoubtedly  it  is ;  provided  that  no  other » 
good  quality  is  wanting.  Now,  the  magnifying; 
power  is  to  be  eftimated  from  the  number  of  dmes> 
that  the  diameter  of  the  objcd  appears  greats  thaiv 
to  the  naked  eye*  You' will  recolleft  that^  in  tde*: 
fcopes  of  two  lenfes,  the  magnifying  power  is  fo 
many  times  greater,  as  the  focal  difliance  of  the  pb-: 
jeftive  lens  exceeds  that  of  the  ocular.  In  telefcopes^ 
confifting  of  more  lenfes  than  two,  the  determina- 
tion of  the  magnifying  power  is  more  intricate. 

II.  The  fecond  property  of  a  good  telefcdpe  is 
brightnefs.  It  is  always  very  defective  when  it  re- 
prefents  the  objeft  obfcurely,  and  as  through  a  mift.. 
In  order  to  avoid  this  defect,  the  objective  lens  mufl 
be  of  fuch  a  fize  as  is  regulated  by  the  magnifying 

^  power.  Artifts  have  determined  that,  in  order  to 
magnify  300  times^  the  aperture  of  the  obje<3ive 
ought  to  be  three  inches  diameter,  and  for  every 
other  magnifying  power  in  proportion.  And,  when 
objefts  are  not  very  luminous  of  themfelves,  it  would 
be  proper  to  employ  obje<5lives  of  a  ftill  greater  dia- 
meter, 

III.  The  third  quality  is  diflinftnefs  or  accuracy  of 
reprefentation.  In  order  to  this,  the  rays  which 
pafs  through  the  extremities  of  the  objeftive  lens, 
ought  to  meet  in  the  fame  point  with  thofe  which 
pafs  through  the  middle,  or  that,  at  leaft,  the  aber- 
ration fhould  not  be  perceptible.  When  a  fimple  ob- 
jeftive  is  employed,  it's  focal  diftance  muft  exceed  a 
certain  limit  proportional  to  the  magnifying  power. 
Thus,  if  you  wilh  to  magnify  100  times,  the  focal 

E  e  4  diftance 
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diftance  of  the  objcftivc  muft  be  at  Icaft  30  feet,  ft' 
is  the  deftination,  therefore,  whkh  impofes  the  ne- 
ccffity  of  making  telefcopes  fo  exccffively  long,  if  we 
want  to  obtain  a  very  great  minifying  power.  Now, 
in  order  to  remedy  this  defect,  an  objective  compofed 
of  two  lenfes  may  be  employed ;  and,  could  artifts 
fucceed  in  the  conftru<9ion  of  them,  we  ihould  be 
enabled,  very  confiderably,  to  fhorten  telefcopes, 
while  the  fame  magnifying  power  remained.  You 
will  have  the  goodnefs  to  recolleft  what  I  have  al- 
ready fuggefted,  at  fbme  length,  on  this  fubjecl. 

IV.  The  fourth  quality  regards  likewife  the  dif- 
tinftnefs,  or  purity,  of  reprefentation,  as  far  as  it  is 
affected  by  the  different  refrangibility  of  rays  of  dif- 
ferent colours.  I  have  Ihewn  how  that  defect  may 
be  remedied  :  and  as  it  is  impofliblc  that  the  images 
formed  by  different  rays  fhould  be  collected  in  a 
fingle  one,  the  point  in  queftion  is  to  arrange  the 
lenfes  in  the  manner  I  have  defcribed  in  the  preced- 
ing Letter ;  that  is,  the  terminating  line  of  the  lafl: 
images  mufl  pafs  through  the  eye.  Without  this, 
the  telefcope  will  have  the  defeft  of  reprefentipg  ob- 
jects furroundcd  with  the  colours  of  the  rainbow ; 
but  the  defeft  will  difappcar  on  arranging  the  lenfes 
in  the  method  I  have  pointed  out.  But,  to  this  ef- 
fed,  more  than  two  lenfes  mull  be  employed,  in 
order  to  a  proper  arrangement.  I  have  hitherto 
fpoken  only  of  telefcopes  with  two  lenfes,  one  of 
which  is  the  objciftive,  and  the  other  the  ocular;  and 
you  know  that  their  diftance  from  each  other  is  al- 
ready determined  by  their  focal  diftaxices,  fo  that 

here 
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here  we  are  not  at  liberty  to  make  any  alteration. 
It  happens,  fortunately,  however,  that  the  terminate 
ing  line,  which  I  have  mentioned,  pafles  nearly 
through  the  place  of  the  eye;  fo  that  the  defed, 
arifing  from  the  colours  of  the  rainbow,  is  almoft 
imperceptible,  provided  the  preceding  defeft  is  re- 
medied, efpecially  when  the  magnifying  power  is 
not  very  great.  But  when  the  power  is  confider- 
able  it  would  be  proper  to  employ  two  ocular  lenfes, 
in  order  entirely  to  annihilate  the  colours  of  the  rain- 
bow: as  in  this  cafe,  the  flighteft  defects,  being 
equally  magnified,  become  infupportable. 

V.  The  fifth  and  laft  good  quality  of  a  telefcbpcj^ 
is  a  large  apparent  field,  or  the  fpace  which  the  in- 
ftrument  difcovers  at  once.  You  recolleft  that  fm^ 
pocket  glaffes,  with  a  concave  ocular  lens,  are  fubjeO: 
to  the  defect  of  prefenting  a  very  fmall  field,  which 
renders  them  incapable  of  magnifying  greatly.  The 
Other  fpecies,  that  with  a  convex  ocular,  is  lefs  fub- 
jeft  to  this  defect,  but  as  it  reprefents  the  objedt  in- 
verted, telefcopes  of  the  firft  fpecies  would  be  pre- 
ferable, did  they  difcover  a  larger  field,  which  depends 
on  the  diameter  of  the  aperture  of  the  ocular  lens  ; 
and  you  know  we  cannot  increafe  this  aperture  at 
pleafure,  becaufe  it  is  determined  by  focal  diftance. 
But,  by  employing  two  or  three,  or  even  more  ocu- 
lar lenfes,  we  have  found  means  to  render  the  appa- 
rent field  greater ;  and  this  is  an  additional  reafon 
for  employing  feveral  lenfes,  in  order  to  procure  a 
telefcope  in  all  rcfpects  excellent. 

To  thefe  good  qualities,  another  may  be  ftill  added, 

that 
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tbfH  the  repre&ntation  fhall  not  be  inverted  by  the 
iofirumenty  as  by  afbonomicai  tdelcopes.  But  this^ 
dofeft  may  be  eafily  remedied,  if  it  be  one^  by  die 
addition  of  two  more  ocular  lenfes,  as  I  ihaU  ihew 
in  my  next  letter. 

ydAfrilf  176a. 
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LETTER    CVI. 

Tcrrejlrial  Tetefcopes  with  Four  Lenfes^ 

IHAV^  treated  at  confiderable  length  of  telcfcopef 
compoied  of  two  convex  lenfes,  known  by  the 
ttome  of  aftronomical  tubes,  becauie  they  are  cook 
xnonly  ufbd  for  obferving  the  heavenly  bodies. 

You  will  readily  comprehend  that  the  ufe  of  fuch 
inftruments,  however  excellent  they  may  be,  is  li- 
mited to  the  heavens,  becaufe  they  reprefent  obje<3s 
in  an  inverted  pofition,  which  is  very  aukward  in 
contemplating  terreftrial  bodies,  as  we  would  rather 
wilh  to  view  them  in  their  natural  fituation  ;  but  on^ 
the  difcovery  of  this  fpecies  of  telefcope,  means  were 
quickly  found  of  remedying  that  defect,  by  doubling, 
if  I  may  fay  fo,  the  fame  telefcope.  For  as  two  lenfes 
invert  the  object,  or  reprefent  the  image  inverted, 
by  joining  a  iimilar  telefcope  to  the  former,  fot  view- 
ing the  fame  image,  it  is  again  inverted,  and  this  fe- 
cond  reprefentation  will  exhibit  the  objedl  upright* 
Hence  a  new  fpecies  of  tdefcopes,  compofed  of  four 
lenfes, called  terreftrial  tdefcopes, from  their  being  de- 

figued 
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figned  to  contemplate  terreftrial  objeds :  and  the 
method  of  conftnifting  them  follows. 

I.  The  four  lenfes  A,  B,  C,  D,  fplate  IX.  J^.  io.y 
inclofed  in  the  tube  M  M  N  N^.  rqprefcnt  the  tele* 
fcope  in  queftion ;  the  firft  o£  which,  A,:c&efted  tCK 
ward  the  objeft,  is  denominated'  the  objc6tive  Icns^ 
and  the  other  three,  BCD,  the  ocular.  Thefc  four 
lenfes  are  all  convex,  and  the  eye  mufl:  he  placed  at 
the  extremity  of  the  tube,  at  a  certain  diftance  fitsm 
the  laft  ocular  lens  D,  the  determination  of  which 
fliall  be  afterwards  explained.    • 

n.  Let  trs  confider  the  efied  which  each  lens  muft 
produce,  when  the  objeft  Ooy  which  is  viewed 
through  the  telefcope,  is  at  a  very  great  diflance. 
The  objeftive  lens  will  firft  reprefent  the  image  of 
this  objcft  at  P  pj  it's  focal  diftance,  the  magnitudo 
of  the  image  being  determined  by  the  flraight  line 
drawn  from  the  extremity  o^  through  the  centre  of 
the  lens  A.  This  line  is  not  reprefented  in  the  figure, 
that  it  may  not  be  embarraffed  with  too  many  lines. 

III.  This* image  ¥ p  occupies  the  place  of  the  ob- 
jeft  with  refped  to  the  fecond  lens  B,  which  is  placed 
in  fuch  a  manner,  that  the  interval  BP  fliall  be  equal 
to  it's  focal  diftance,  in  order  that  the  fecond  image 
may  be  thence  tranfported  to  an  infinite  diftance,  as 
Q  ^5  which  will  be  inverted  as  the  firft  P^,  and  ter- 
minated by  the  ftraight  line,  drawn  from  the  centre 
of  the  lens  B,  through  the  extremity  p. 

IV.  The  interval  between  thefe  two  firft  lenfes 
A  Bj  is  equal,  therefore,  to  the  fum  of  their  focal  dif- 
tances  ;  an4  were  the  eye  placed  behind  the  lens  B, 
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wc  (hould  have  an  aftronomkal  telcfcope,  throu^ 
which  the  objcft  O  o  would  be  fecn  at  Q  y,  and, 
confequently,  inverted,  and  magnified  as  many  times 
as  the  diftance  A  P  exceeds  the  diftance  B  P.  But 
inftead  of  the  eye,  we  place  behind  the  lens  B,  at , 
fome  diftance,  the  third  lens  C,  with  refped:  to  which 
the  image  Q  q  occupies  the  place  of  the  obje<5t,  as,  in 
fad,  it  receives  the  rays  from  this  image  Q  y,  which, 
being  at  a  very  great  diftance,  the  lens  C  will  reprc- 
lent  the  image  of  it,  at  it's  focal  diftance  in  R  r. 

V.  The  image  Q  f  being  inverted,  the  image  R  r 
will  be  upright,  and  terminated  by  the  ffraight  line 
drawn  from  the  extremity  q  through  the  centre  of 
the  lens  C,  which  will  pafs  through  the  point  r. 
Confequently  the  three  lenfes  A,  B,  C  together,  re- 
prefent  the  objeft  O  o  at  R  r,  and  this  image  R  r  is 
upright. 

VI.  Finally,  we  have  only  to  place  the  laft  lens  in 
fuch  a  manner  that  the  interval  D  R  fhall  be  equal 
to  it's  focal  diftance ;  this  lens  D  will  again  tranfport 
the  image  R  r  to  an  infinite  diftance,  as  S  j,  the  ex- 
tremity of  which  s  will  be  determined  by  the  ftraight 
line  drawn  from  the  centre  of  the  lens  D,  through 
the  extremity  r  ;  and  the  eye  placed  behind  this  lens 
will,  in  fiicl,  fee  this  imajre  S  j,  inftead  of  the  real 
object  O  0. 

VII.  Hence  it  is  eafy  to  afcertain  how  many  times 
this  tcklcopc,  compofed  of  four  Icnfcs,  muft  magnify, 
the  obiert ;  vou  have  only  to  attend  to  the  two 
couple  of  lenfes,  A  B  and  C  D,  eacli  of  which,  fepa- 
raicly,  would  be  an  aftronomical  tclefcope.      Hie 

firft 
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firft  paif  of  leiifes  A  and  B  magnifies  as  many  times, 
as  the  focal  diftance  of  the  firft  leris  A  exceeds  that 
of  the  feconds  lens  B  ;  and  fo  maily  times  will  the 
image  formed  by  it,  Q  y,  exceed  the  real  objeQ:  O  o* 

VIII.  Farther,  this  image  Q  q  occupying  the  place 
of  the  objed,  with  relped  to  the  other  pair  of  lenfes 
C  and  D,  it  will  be  again  multiplied  as  many  times 
as  the  focal  diftatice  of  the- lens  C  exceeds  that  of  the 
lens  D.  Thefe  two  magnifying  powers  added^  ^c 
the  whole  magnifying  produced  by  the  four  lenses. , 

IX.  If,  then,  the  firft  pair  of  lenfes  A  and  B  mag- 
nify ten  times,  and  the  other  part  C  and  D  thr^ 
times,  ^the  telefcope  will  magnify  the  objed  thrice 
ten,  that  is,  thirty  times ;  and  the  aperture  of  the 
objective  lens  A  muft  correfpond  to  this  magnifying 
power,  according  to  the  ruk  formerly  laid  down. 

X.  Hence  you  fee,  then,  that  on  feparating  from 
a  terreftrial  telefcope  the  two  laft  lenfes  C  and  D, 
there  would  remain  an  aftronomical  telefcope,  and 
that  thefe  two  lenfes  C  and  D  would  likewife  form 
fuch  a  telefcope.  A  terreftrial  telefcope,  therefore, 
confifts  of  two  aftronomical ;  and,  reciprocally,  two 
aftronomical  telefcopes  combined  form  a  terreftrial.. 

This  conftruftion  is  fufceptible  of  endlefs  varia- 
tions, fome  preferable  to  others,  as  I  fhall  afterwards 
demonftrate. 

r 

()th  April,  1762. 
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LETTER    CVII. 

Arrangement  of  Lenfes  in  Terrejirial  Telefcopef. 

YOU  have  now  fecn  how,  by  the  addition  of  twd 
convex  lenfes  to  an  aftronomical  teleicope,  a 
lerreftrial  cHie  is  produced,  which  rq)reientd  the  ol> 
jed  iipright.  The  four  lenfes,  of  whick  a  terrdhial 
tdefeope  is  compofed,  are  fbfcqptible  of  an  infinite 
variety  of  arrangement,  with  rcfpeft  to  both  focus 
and  diftance.  I  fiiall  explain  thc^e  which  are  of  moft 
cfl^tial  importance,  and  refer  you  to  plate  S,.^.  i. 

I.  With  refped  to  their  diftances,  I  have  alresuiy 
ifemarked,  that  the  interval  between  the  twofirft 
lenfes  A  and  B  is  the  fum  of  their  focal  diibmces ; 
and  the  fame  thing  holds  as  to  the  laft  lenfes  C  and 
D,  for  each  pair  may  be  confidered  as  a  fimple  tde- 
fcope,  compofed  of  two  convex  lenfes.  But  what 
tnuft  be  the  interval  between  the  two  middle  lenfes 
B  and  C  ?  May  it  be  fixed  at  pleafure  ?  As  it  is  cer- 
tain that,  whether  this  inter^^al  be  great  or  fmall,  tKe 
magnifying  powers  always  compounded  of  the  two 
which  each  pair  would  produce  feparately,  muft  con- 
tinue the  fame. 

n.  On  confulting  experience,  we  foon-  perceive 
that  when  the  tw^o  middle  lenfes  are  placed  very  near 
each  other,  the  apparent  field  almoft  entirely  va* 
niflies ;  and  the  fame  thing  takes  place,  when  they 
are  too  far  feparatcd.  In  both  cafes,  to  whatever 
^  objeft 
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c^jeQ;  the  telefcope  is  pointed,  we  difcover  oaly  a 
very  fmall  part  of  it. 

iM.  For  this  reafon  artifts  bring  the  laft  pair  cf 
knfes  nearer  to  the  firft,  cfir  remove  them  to  a  greater 
diftance,  till  they  difcover  the  largeft  field,  and  delay 
fixing  the  lenfes  till  they  have  found  this  fituatitm. 
Now,  they  have  ohferved,  that,  in  fetding  this  jnoft 
advantageous  aarrangement^^edifiaBceDfthe  niiddle 
lenfes  B  and  C  As  always  greater  than  die  fum  of  the 
focal  diftaiices  of  theie  fame  two  lenfes. 

IV.  Y^\i  will  readily  conclude  that  this  difiance 
tannot^pend  on  chance,  but  muft  be  fupported  by 
a  thebry^  and  that,  affording  a  termination  much 
more  ^s^k^  than  v^t  experience  alone  4:ould  iiave 
fofrnMhed.  As  it  is  the  duty  of  a  natural  philofepher 
to  invdSgate  the  catrfes  oSf  all  the  phenomaia  wHch 
e&perietice  difcovers,  I  pi^oceed  to  unfold  the  true 
prindples  which  determine  the  moft  advantageous 
diftance  B  C  between  the  two  middle  lenfes.  For 
this  puipofe  r<ce£er  to  plate  X.  jf^.  2. 

V.  As  all  the  rays  miril  be  conveyed  to  the  eye,. 
let  us  attend  to  the  direftion  of  diat  one  which,  pro- 
ceeding from  the  extremity  0  of  the  vijfible  objeft, 
paffes  through  the  centre  A  of  the  objeftive  lens; 
for  unlefs  this  ray  is  conveyed  to  the  eye,  this  extre- 
mity 0  will  not  be  vifible.  Now,  this  ray  undergoes 
no  refraftion  in  the  objective  lens,  for  it  pafles 
through  the  centre  A  ;  it  will  therefore  proceed  in 
a  ftraight  line  to  the  fecond  lens,  which  it  \^1  nfieet 
in  it's  extremity  ^,  as  this  is  the  laft  ray  traAfmitted 
through  the  lenfes.  *    '      .     .    -:  -         -  -^ 

VI.  This 
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VL  This  ray,  being  refraded  by  the  fecond  lens, 
will  change  it's  dircftion  fo  as  to  meet  fomewhere, 
at  »,  the  axis  of  the  lenfes  ;  this  would  have  hap- 
pened to  be  the  focus  of  this  lens,  had  the  ray  A  b 
been  parallel  to  the  axis ;  but  as  it  proceeds  from 
the  point  A,  it's  reunion  with  the  axis  at  n  will  be 
more  diftant  from  the  lens  B,  than  it's  focal  diftance^ 

Vn.  We  muft  now  place  the  third  lens  C  in  fuch 
a  manner  that  the  ray,  after  having  croffed  the  axis 
at  »,  may  meet  it  exa<My  in  it's  extremity  r,  from 
which  it  is  evident  that  the  greater  the  aperture  of 
this  lens  C  is,  the  farther  it  muft  be  removed  from 
the  lens  B,  and  the  greater  the  interval  B  C  becomes ; 
but  on  the  other  hand,  care  muft  be  taken  no$  to 
remove  the  lens  C  beyond  that  point,  as  in  this  cafe 
the  ray  would  efcape  it,  and  be  tranfmitted  no  far- 
ther. This  circumftance,  then,  determines  the  juft 
diftance  between  the  two  middle  lenfes  B  and  C, 
conformably  to  experience. 

VIII.  This  lens  C  will  produce  a  new  refra<Etion  of 
the  ray  in  queftion,  which  will  convey  it  precifely  to 
the  extremity  d  of  the  laft  ocular  lens  D,  >vhich, 
being  fmaller  than  C,  will  render  the  line  c  d  fome- 
what  convergent  towatd  the  axis,  and  will  thus  un- 
dergo, in  the  laft  lens,  fuch  a  degree  of  refradlion  as 
will  reunite  it  with  the  axis  at  lefs  than  it's  focal 
diftance ;  and  there  it  is  exa<5lly  that  the  eye  muft 
be  placed,  in  order  to  receive  all  the  rays  tranfmitted 
through  the  lenfes,  and  to  difcover  the  greateft  field. 

IX.  Thus  we  are  enabled  to  procure  a  field  whofe 
diameter  is  almoft  twice  as  large  as  with  an  aftrono- 

niical 
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mical  telefcope  of  the  fame  magnifying  power.  By 
means,  then,  of  thefe  telefcopes,  with  four  lenfes,  we 
obtain  a  double  advantage,  the  objeft  is  reprefented 
Upright,  and  a  much  larger  field  is  difcovered :  both, 
circumftances  of  much  importance. 

X.  Finally,  it  is  poffible  to  find  fuch  an  arrange- 
ment of  thefe  four  lenfes,  as,  without  affecting  either 
of  the  advantages  now  mentioned,  .fhall  entirely  do 
away  the  defedarifing^  from  the  colours  of  the  rain- 
bow, and  at  the  fame  time  reprefent  tlie  objeft  with 
all  poflible  diftinclnefs.  But  few  artifts  can  attain 
this  degree  of  perfection. 

lOth  Aprils  176a.   .        - 

LETTER    CVni. 

Precautions  to  be  obferved  in  the  ConJiru[lion  of  Tele^ 
fcopes.     NeceJJity  of  blackening  tlje  Infide  of  Tubes. 
Diaphragms, 

A  FTER  thefe  refearches  refpeding  the  conffaruc-' 
-^^  tion  of  telefcopes,  I  muft  fuggeft  and  explain 
certain  precautions  necellary  to  be  ufed ;  which, 
though  they  relate  neither  to  the  lenfes  themfelves, 
nor  to  their  arrangement,  are  neverthelefs  of  fuch 
importance,,  that  if, they  are  not  very  carefully  ob- 
ferved,  the  beft  inftrument  is  rendered  entirely  ufe- 
kfs.  It  is  not  fufficient  that  the  lenfes  fhould  be  ar- 
ranged in  fuch  a  manner  that  all  the  rays  which  fell 
upon  them  fhall  be  tranfmitted  through  thefe  lenfes 
to  the  eye  j.  care  mufl  be  taken,  befides,  to  prevent 
.   Vol.  II.  F  f  the 
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the  tranfmiillon  of  ejctraneous  rays  through  the  tele- 
fcope,  to  difturb  the  reprefentation*  Let  the  follow* 
hig  precautions,  then,  be  taken* 

L  The  lenfes,  of  which  a  telefcope  is  compofed^ 
muft  be  inclofed  in  a  tube,  that  no  other  rays,  except 
thofe  which  are  tranfmitted  through  the  objective, 
may  reach  the  other  lenfes.  For  this  efiecfc,  the  tube 
muft  be  very  clofc  throughout,  that  not  a  chink  ad-* 
mit  the  fmalleft  portion  of  li^t.  If  by  any  accident 
the  tube  fliall  be  perforated  ever  fo  ilightly,  the  ex- 
traneous light  admitted  would  confound  the  repre*! 
fentatlon  of  the  objeft. 

II.  It  is  likcwife  of  importance  to  Uacken,  through- 
out, the  infide  of  the  telefcope,  of  the  deepeft  black 
poffible,  as  it  is  well  known  that  this  colour  reflefe 
not  the  rays  of  %ht,  be  they  ever  fo  powerful.  You 
muft  have  obferved,  accordingly,  that  the  tubes  of 
telefcopes  are  always  blackened  internally.  A  finglc 
reflecliori  will  fliew  the  neceflity  of  it. 

III.  The  objeftive  lens  A,  (plate  X.y%.  3.)  tranf- 
mits  not  only  the  rays  of  the  objefl:  reprefented  by 
the  telefcope,  but  thofe  alfo  which  by  the  extremities 
enter  all  around  in  great  abundance  ;  fuch  is  the  ray 
b  a^  which  falls,  on  the  infide,  upon  the  frame  of  the 
tube  at  i :  if,  therefore,  the  tube  were  white  in- 
wardly, or  of  any  other  colour,  it  would  be  iliumi« 
nated  by  this  ray,  and  of  itfelf  would  generate  new 
rays  of  light,  which  muft  of  neceffity  be  conveyed 
through  the  other  lenfes,  and  difturb  the  reprefcnta* 
tion  by  mingling  with  the  proper  rays  of  the  objed. 

IV.  But  if  the  infide  of  the  tube  be  blackened 

deeplyi 
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deeply,  xio  new  rays  will  be  produced,  let  the  light 
be  ever  fo  ftrong*  This  blackening  muft  be  carried 
through  the  whole  length  of  the  telefcope,  as  there 
is  no  black  fo  deep  as  not  to  generate,  when  illu- 
xliinated,  fome  faint  light:  fuppofing,  then,  that 
fome  extraneous  rays  were  to  make  their  way  to  the 
fecond  lens  B,  the  black  of  the  tube^  furfuing  their 
coUrfe,  Would  eafily  abforb  them  altogether*  There 
is  a  brilliant  Uack^  which,  for  this  reafon^  it  would 
be  very  improper  to  employ. 

V.  But  even  this  precaution  is  not  fufficietit,  it  fe 
neceffary  llkewife  to  furiiilh  the  infide  of  the  tube 
with  one  Of  more  diaphragms,  perforated  with  k 
fmall  circular  aperturri,  the  better  to  exclude  all  ex- 
traneous light  J  but  Care  muft  be  taken  that  they 
exclude  not  the  rays  of  the  objeft  which  the  inftfu- 
ment  is  intended  to  reprefent.     See  plAt^  ^•fig*  4- 

VI.  It  is  neceflary  to  obfefve  at  what  place,  in  the 
tube,  the  proper  rays  of  the  objeft  are  moft  cori- 
trafted;  this  muft  be  at  the  points  where  theit 
images  are  reprefented,  for  there  all  the  rays  are  cot* 
lefted  together.  Now,  the  objeftive  lens  A  repfe- 
fents  the  image  in  it's  focus  at  M.  You  have  only, 
then,  to  compute  the  magnitude  of  this  image>  and 
there  to  fix  your  diaphragm,  whofe  aperture  m  ft 
ihall  be  equal  to  the  magnitude  of  the  image,  or  ra- 
ther fomewhat  greater.  For  if  the  aperture  were 
Icfs  than  the  image,  there  would  be  a  proportional 
lofs  of  the  apparent  field,  which  is  always  a  great 
defect. 

VII.  Thefe  are  the  obfervations,  reading  th? 

F  f  2  diaphra^po^^ 
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diaphragm,  which  apply  to  aftronomical  telefcopes, 
compofcd  of  two  convex  lenfcs.  In  terreftrial  tde- 
fcopes  two  images  are  reprefented  within  'the  tube : 
befides  the  firft  at  M,  reprefented  by  the  objeftive  in 
it*s  focus,  and  which  the  fecond  lens  B  tranfports  to 
an  infinite  diftance,  the  third  lens  C  reprefents  a  fe- 
cond image  in  it's  focus  N,  which  is  upright,  where- 
as the  former  was  inverted.  At  N,  therefore,  is  the 
proper  place  to  fix  a  fecond  diaphragm  perforated 
with  an  aperture  n  w,  of  the  magnitude  of  the  image 
there  reprefented. 

VIII.  Thefe  diaphragms,  aided  by  the  blacknefs  of 
the  infide  of  the  tube  produce  likewife  an  excellent 
effeft  with  refpecl  to  diftinclnefs  of  reprefentation. 
It  muft  be  carefully  obferved,  however,  that  the 
greater  the  field  is  which  the  telefcope  difcovers,  the 
Icfs  is  to  be  expected  from  thefe  diaphragms,  as  in 
that  cafe  the  images  become  greater,  fo  that  the  aper- 
ture of  tlie  diaphragms  muft  be  fo  enlarged  as  to 
render  them  incapable  of  any  longer  excluding  the 
extraneous  rays.  So  much  the  greater  care  there- 
fore, muft  be  taken,  thoroughly  to  blacken  the  ift- 
fide  of  the  tube,  and  to  make  it  larger,  which  con- 
fiderably  dlminifhes  the  unplea£lnt  ejEecfl  of  whicli  I 
•have  been  fpeaking^ 

■   13//6  Jfril^  1762. 
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LETTER    CIX. 

In  what  Manner  Telef copes  reprefent  the  Moon^  the 
Planets^  the  Sun,  and  the  fixed  Stars.  Why  thefe  lajl 
appear fmaller  through  the  Telefcope  than  to  tioe  naked 
Eye,  Calculation  of  the  Dtftance  of  the  fixed  Stars^ 
from  a  Comparifon  of  their  apparent  Magnitude  with 
that  of  the  Sun. 

T  AM  perfuaded  that,  by  this  time,  you  are  very 
^  well  plfeafed,  to  be  relieved,  at  length,  from  the 
dry  theory  of  tdefcopes,  which  is  rendered  agreeable 
only  by  the  importance  of  the  difcoveries  which 
they  have  enabled  us  to  make. 

What  pleafing  furprize  is  felt  on  feeing  very  dis- 
tant objeds  as  diftinctly  as  if  they  were  one  hundred 
timcis  nearer  to  us,  or  more,  efpecially  in  cafes  where 
there  is  no  poffibility  of  reaching  them,  which  holds 
with  refped  to  the  heavenly  bodies !  And  you  are 
already  difpofed  to  admit,  that,  with  the  iid  of  the 
telefcope,  many  wonderful  things  relating  to  the  ftars 
have  been  difcovered. 

On  viewing  the  moon  one  hundred  times  nearer 
than  flie  really  is,  many  curious  inequalities  are  dif- 
cernible ;  fuch  as  exceflive  heights  and  profound 
depths,  which,  from  their  regularity,  refemble  rather 
works  of  art  than  natural  mountains.  Hence  a  very 
plaufible  argument  is  deduced,  to  prove  that  the  moon 
is  inhabited  by  reafonable  creatures.  But  we  have 
proofs  ftill  more  fatisfadory  in  fimply  contemplating 
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the  almighty  power,  in  union  with  the  fbvereign 
wifdom  and  goodnefe,  of  the  Great  Creator. 

Thus  the  moft  important  difcoveries  have  been 
jnade  reipefting  the  planets,  which,  to  the  unaflified 
eye,  appear  only  as  fo  many  luminous  points ;  but 
which,  viewed  through  a  good  telefcope,  referable 
the  moon,  and  appear  even  ftill  much  greater. 

But  you  will  be  not  a  litde  furprized,  when  I  af- 
fure  you,  that  with  the  affiftance  of  the  beft  telefcope, 
evert  one  which  magnifies  more  than  two  hundred 
times,  the  fixed  ftars  ftill  appear  only  as  points,  nay 
fiill  imaller  than  to  the  naked  eye.    This  k  fo  much 
the  more  aftonifliing,  that  it  is  certain  the  telefcope 
reprefents  them  fuch  as  they  would  appear  were  we 
two  hundred  times  nearer.     Are  we  not,  hence,  re- 
duced to  the  neceffity  of  concluding  that,  herei  ^cle- 
fcopes  fail  to  produce  their  effeft  ?  But  this  idea  pre- 
fendy  vanifhes,  on  confidering  that  they  difcover  to 
us  millions  of  little  ftars  which,  without  their  aid, 
xnuft  have  for  ever  efcaped  the  eye.     We  likewife 
perceive  the  diftances  between  the  ftars  incompa- 
rably greater ;  for  two  ftars  which,  to  the  naked  eye, 
feemed  almoft  to  touch  each  other,  when  viewed 
through  the  telefcope,  are  feen  at  a  very  confiderable 
diflance  ;  a  fuf&cient  proof  of  the  effed  of  the  tele- 
fcope. 

What,  then,  is  the  reafon  that  the  fixed  ftars  ap- 
pear to  us  fmaller  through  the  telefcope  than  to  the 
naked  eye  ?  In  refolving  this  queftion,  I  remark,  firft, 
that  the  fixed  ftars  appear  greater  to  the  naked  eye 
than  they  ought  to  do>  and  that  this  arifes  from  a 
^    >  falfe 
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falfe  light,  occafioned  by  their  twinkliiijg/    In  faft, 
when  the  rays  proceeding  from  a  ftar  come  to  p«nt 
their  image  at  the  bottom  pf  the  eye,  on  the  retina, 
our  nerves  arc  ftruck  by  it  only  in  one  point,  bnt, 
by  the  luftre  of  the  light,  the  adjacent  nerves  likewife 
undergo  a  cbncuflion,  and  produce  the  fame  feeling 
which  would  be  communicated,  if  the  image  of  tho 
objeft  painted  on  the  retina  were  much  greater,j 
This  happens  on  looking,  in  the  night,  at  a  very  dit 
tant  light.    It  appears  much  greater  than  when  we 
view  it  at  a  fmall  diftance,  and  this  increafe  of  nlagt 
nitude  is  occafioned  only  by  a  falfe  glare.    Nqw,  the 
more  that  a  telefcope  magnifies,  the  more  this  accir 
dent  muft  diminifh ;  not  only  becaufe  the  rays  ar« 
thereby  rendered  fomewhat  fainter,  but  becaufe  the 
real  image  at  the  bottom  of  the  eye  becomes  greater  % 
fo  that  it  is  no  longer  a  fingle  point  which  fupport^ 
the  whole  impreflion  of  the  rays.  Accordingly,  how* 
ever  finall  the  ftars  may  appear  through  a  tdefcppe, 
we  may  confidently  affirm,  that,  to  the  naked  (^yet 
they  would  appear  fl:ill  much  fmaller  but  for  this  ac- 
cidental falfe  light,  and  that  as  many  times  as  thQ 
telefcope  magnifies. 

Hence  it  follows,  that,  as  the  fixed  fiars  appear 
only  like  fo  many  points,  though  magnified  morQ 
than  200  times,  their  diftance  mufl:  be  inconceivable^ 
It  will  be  eafy  for  you  to  form  a  judgment  how  this 
diftance  may  be  computed.  The  diameter  of  the 
fun  appears  under  an  angle  of  32  minutes  :  if,  there- 
fore, the  fun  were  32  times  farther  off",  he  woxild  ap- 
pear under  an  angle  of  one  minute  j   and,  confer 
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quently,  (till  much  greater  than  a  fixed  ftar  viewed 
through  the  telefcopc,  the  diameter  of  which  does 
not  exceed  two  feconds,  or  the  thirtieth  part  of  a 
minute.  The  fun,  therefore,  muft  be  thirty  times 
more,  that  is  960  times,  farther  removed,  before  his 
appearance  could  be  reduced  to  that  of  a  fixed  ftar 
obferved  with  the  afliftance  of  a  telefcope.  But  the 
fixed  ftar  is  200  times  farther  off  than  the  telefcope 
reprefents  it;  and,  confequently,  the  fun  muft  be 
200  times  960,  that  is,  192,000  times  farther  off 
than  he  is,  before  he  could  be  reduced  to  the  appear- 
ance of  a  fixed  ftar.  It  follows,  that  if  the  fixed 
ftars  were  bodies  as  large  as  the  fun,  their  difiances 
would  be  192,000  times  greater  than  that  of  the  fun. 
Were  they  ftill  greater,  their  diftances  mufl:  be  ftill 
fo  many  times  greater ;  and  fuppofing  them  even 
many  times  fmaller,  their  diftances  muft  always  be 
jnore  than  a  thou/and  times  greater  than  that  of  the 
fun.  Now  the  diftance  of  the  fun  from  our  globe 
is  about  1 5,000,000  of  German  miles. 

It  is  impoffible,  undoubtedly,  to  think  of  this  im- 
menfe  diftance  of  the  fixed  ftars,  and  of  the  extent 
of  the  whole  univerfe,  without  aftonifliment.  What 
muft  be  the  power  of  that  great  being  who  created 
this  vaft  fabric,  and  who  is  the  abfolute  Mafter  of  it  ? 
Let  us  adore  Him  with  the  moft  profound  venera. 
tion. 
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LETTER    ex. 

Why  do  the  Moon,  and  the  Sun,  appear  greater  at  rifing 
and  Jetting,  than  at  a  certain  Elevation  ?  Difficulties 
attending  the  Solution  of  this  Phenomenon. 

YOU  muft  have  frequently  remarked,  that  the 
moon,  at  rifing  and  fetting,  appears  much 
larger  than  when  fhe  is  confiderably  above  the  hori- 
zon ;  and  every  one  muft  give  teftimony  to  the  truth 
of  this  phenomenon.  The  fame  obfervation  has  been 
made  with  refpeft  to  the  fun.  This  appearance  has 
long  been  a  ftumbling-block  to  philofophers ;  and, 
viewed  in  whatever  light,  difficulties  almoft  infupe- 
rable  prefent  themfelves. 

It  would  be  ridiculous  to  conclude,  that  the  moon's 
body  is  really  greater,  when  flie  is  in  the  horizon, 
than  when  flie  has  attained  her  greateft  elevation. 
For,  befides  that  fuch  an  idea  would  be  abfurd  in  it- 
felf,  it  muft  be  confidered,  that  when  the  moon  ap- 
pears to  us  in  the  horizon,  flie  appears  to  other  in- 
habitants of  our  globe,  more  elevated,  and  confe- 
quently  fmaller.  Now,  it  is  impoflible  that  the  fame 
body  fliould  be,  at  the  fame  time,  greater  and  fmaller. 

It  would  be  almoft  equally  ridiculous  to  attempt 
the  folution  of  this  ftrange  phenomenon,  by  fuppofing 
that  the  moon  is  nearer  to  us  when  fhe  appears  in 
the  horizon,  than  when  fhe  is  arrived  at  a  great  ele- 
vation, from  our  certain  knowledge  that  a  body  ap- 
pears greater  in  proportion  as  it  is  nearer  us ;  and 
you  know  that  the  more  diftant  any  object  is,  the 
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fmaller  it  appears.  It  is  for  this  reafbn  prcdfely,  that 
the  ftars  appear  fo  extremely  fmall,  though  their  real 
magnitude  be  prodigious. 

But  however  phufible  this  idea  may  fcexn,  it  is 
totally  deftitute  of  foundation ;  for  it  is  undoubtedly 
^  certain,  that  the  moon  is  at  a  greater  diftance  from 
us  at  rifing  and  fetting,  than  when  at  a  gpreater  deva- 
tion.    The  dcmonft ration  follows:  {plate  X.Jig.  ^.) 
Let  the  circle  A  B  D  be  the  earth,  and  the  moon 
at  L.     This  being  laid  down,  an  inhabitant  at  A 
will  fee  the  moon  in  his  zenith,  or  the  moft  elevated 
poipt  of  the  heavens*    But  another  inhabitant  at  D, 
where  the  line  D  L  touches  thd  furfiice  of  the  eartB, 
will  fee  the  moon  at  the  iame  time  in  his  horizon ; 
fo  that  the  moon  will  appear,  at  the  fame  inftant,  to 
the  fpeftator  A  in  his  zenith,  and  to  the  other  foec- 
tator  D  in  his  horizon.    It  is  evident  however,  that 
the  laft  diftafice  D  L  is  greater  than  the  firft  A  L, 
and,  confequently,  the  moon  is  more  diflant  from 
thofe  who  fee  her  in  the  liorizon,  than  from  thofc 
who  fee  her  near  their  zenith.     Hence  it  clearly  id* 
^  lows,  that  the  moon,  when  feen  in  the  horizon,  ought 
to  appear  fmaller,  being  then,  in  faft,  farther  from 
us,  than  when  arrived  at  a  great  elevation.     It  is 
aftonifliing,  therefore,  that  obfervation  flhould  be  in 
direft  contradiftion  to  this,  and  that  the  moon  fhould, 
appear  much  greater  when  viewed  near  the  horizon 
than  in  the  fummit  of  the  heavens. 

The  more  this  phenomenon  is  inveftigated,  the 
more  ftrange  it  appears,  and  the  more  worthy  of  atten- 
tion :  it  being  undoubtedly  certain,  that  the  moon 
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wlien  moft  remote,  that  is,  in  the  horizon,  ought  to 
appear  fmaller,  whereas,  neverthelefs,  every  one  is 
decidedly  of  opinion  that  flie  then  appears  confider* 
ably  greater.  This  contradiAion  is  evident,  and 
even  feems  to  overturn  all  the  principles  laid  dov»'n 
in  optics,  which,  however,  are  as  clearly  demonfirable 
as  any  in  geometry. 

I  have  purpofely  endeavoured  to  fet  this  difficulty 
in  it's  ftrongeft  light,  in  order  to  make  you  the  more 
fenfible  of  the  importance  of  the  true  folution. 
Without  entering  into  a  difcuffion  of  this  univcrfal 
judgment  formed  from  appearances,  refpefting  the 
prodigious  magnitude  of  the  moon  in  the  horizon,  I 
fliall  confine  myfelf  to  the  principal  queftion :  Is  it 
true,  in  faft,  that  the  moon,  when  near  the  horizon, 
actually  appears  greater  ? 

You  know  that  we  are  poffeffed  of  infallible  means 
of  exac^y  meafuring  the  heavenly  bodies,  by  afcer- 
taining  the  nuinber  of  degrees  and  minutes  which 
they  occupy  in  the  heavens  ;  or,  which  amounts  to 
the  fame  thing,  by  meafuring  (plate  X.fg.  6.)  the 
angle  EOF,  formed  by  the  lines  E  O  and  FO, 
drawn  from  the  oppofite  points  of  the  moon,  to  the 
eye  of  the  fpeftator  O  ;  and  this  angle  E  O  F  is  what 
we  call  the  apparent  diameter  of  the  moon.  We 
have  likewife  inftrumcnts  perfeclly  adapted  to  the 
purpofe  of  exactly  determining  this  angle.  Now, 
when  we  employ  fuch  an  inftrument  in  meafuring 
the  moon's  dbmeter,  firft  at  her  rifing,  and  after^ 
ward,  when  fhe  has  gained  her  greateft  elevation,  we 
aftually  find  her  diameter  fomewhat  Jcfs  in  the  firft 
cafe  tlian  in  tlie  other,  as  the  inequality  of  diftance 
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requires.  There  cannot  remain  the  {hado>v  of  doubf 
2b  to  this ;  but,  for  that  very  reafon,  the  diiEculty, 
inircad  of  diminifliing,  gathers  ftrength  ;  and  it  will 
be  alked  with  fo  much  the  more  eagernefs ;  How 
comes  it  that  the  whole  world  agrees  in  imagining 
the  moon  to  be  greater  when  rifing  or  fetting,  though 
her  apparent  diameter  is  then,  in  reality,  fmaller? 
and.  What  can  be  the  reafon  of  this  delufion  to  which 
men  are  univcrfally  fubjecl  ?  The  aftronprner,  who 
knows  perfectly  well  that  the  moon's  apparent  dia- 
meter is  then  fmaller,  falls  neverthelefs  into  the 
ikme  deception  as  the  moft  ignorant  clown, 

2<^ih  Jprily  1762. 

LETTER    CXI. 

RcflcSlions  on  the  Qiicjlion  rcfpcEling  the  Aloon^s  appd' 
rcntMrignUi{dc\  Progrefs  to^uoard  a  Solution  of  ik 

DiJJicidty.     Ahfnrd  Explanations. 

XT'  O  U  would  fcarcely  have  believed,  that  the 
^  finiplc  appearance  of  the  moon  involved  fo 
many  difficulties ;  but  I  hope  I  fhall  be  able  to  clear 
the  way  toward  a  folution,  by  the  following  reflec- 
tions. 

L  It  is  not  aftonifliing  that  our  judgment  refpccl:- 
inpf  the  magnitude  of  objects  iliould  not  always  be  in 
corrcfpc^ndcnce  with  the  vifual  angle  under  which  we 
fee  it :  of  this,  daily  experience  furnifties  fufllcient 
proof.  A  cat,  for  example,  appears,  when  very  near, 
under  a  greater  angle  than  an  ox  at  the  diftance  of 
100  paces.    I  could  never,  at  the  fame  time^  imagine 

the 
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the  cat  to  be  larger  than  the  ox :  and  yon  will  pleafc 
to  recolleft,  that  our  judgment  refpecling  magni- 
tude is  always  intimately  connected  with  that  of  dif- 
tance  ;  fo  that  if  we  commit  a  miftake  in  the  calcu- 
Jation  of  diflance,  our  judgment  refpecling  magni- 
tude becomes,  of  neceflity,  erroneous, 

II.  In  order  to  elucidate  this  more  clearly,  it  fome- 
times  hiappens  that  a  fly  paffing  fuddenly  before  the 
eye,  without  our  thinking  of  it,  if  oUr  fight  is  fixed 
on  a  diftant  objeft,  we  imagine,  at  firft,  that  the  fly 
is  at  a  great  diftance ;  and  as  it  appears  under  a  very 
confiderable  angle,  we  take  it,  for  a  moment,  to  be 
a  large  fowl,  which,  at  the  proper  diftance,  would 
appear  under  the  fame  angle.  It  is,  then,  inconteft- 
ably  certain,  that  our  judgment  refpecling  the  mag- 
nitude of  objefts  is  not  regulated  by  the  vifual  angle 
under  which  they  are  feen,  and  that  there  is  a  very 
great  difference  between  the  apparent  magnitude  of 
objects,  and  the  calculated  or  computed  magnitude. 
The  firft  is  regulated  by  the  vifual  angle,  and  tlie 
other  depends  on  the  diftance  to  which  we  fuppofe 
the  objeft  to  be  removed. 

III.  To  avail  myfelf  of  this  remark,  I  farther  ob- 
ferve,  that  we  ought  not  to  fay,  that  we  fee  the 
moon  greater  in  the  horizon,  than  at  a  confiderable 
elevation.  This  is  abfolutely  falfe,  for  we  then  fee 
her  even  fomewhat  lefs.  But  to  fpeak  accurately, 
we  ought  to  fay  that  we  judge  and  compute  the 
moon  greater  when  flie  is  in  the  horizon  ;  and  this 
is  literally  true  with  the  unanimous  confent  of  all 
mankind.   This  is  fufficient  to  reconcile  the  apparent 

contradiction 


44<^  HEFLRCTIOl^S  RESPECTIKO  TBt 

contradiction  formerly  fuggefted ;  for  nothing  pi^ 
vents  our  judging  or  computing  the  moon  to  be 
greater  when  Ihc  rifcs  or  fcts,  though  flic  is  fecn 
under  a  fmaller  vifual  angle. 

IV.  We  are  no  longer,  then,  called  upon  to  fat- 
plain  why  wc  fee  the  moon  greater  in  the  horizon, 
which  is  impofllble,  for,  in  reality,  flie  then  appean 
fmaller,  as  may  be  demonftratcd  by  meafuring  tk 
vifual  angle.  The  difficulty,  therefore,  i^  teduted  to 
this ;  Wherefore  do  we  judge  or  compute  the  rAooA 
to  be  greater,  when  in  thofe  fituations  ?  or  rather^ 
wc  muft  endeavour  to  account  for.  this  virhimfidd 
computation.  The  tiling  is  not  furprizing  in  itfelf, 
as  we  know  a  thoufand  cafes  in  which  we  eftiMate 
objcfts  to  be  very  great,  though  we  fee  them  uhdti 
very  finall  angles. 

V.  We  have  only  to  fay,  then,  t^at  when  tht 
moon  is  rifing  or  fetting,  we  fuppofe  her  to  be  at  i 
greater  diftancc,  than  when  Ihe  has  attained  a  certain 
elevation.  Wlienevcr  this  computation  is  fettled, 
whatever  may  be  the  caufc  of  it,  the  confequence  is 
jicccflliry,  that  wc  muft  likcwife  conclude  the  moon 
to  be  greater  in  proportion.  For  in  every  cafe,  the 
more  diftant  wc  cftimate  any  objccl  to  be,  the  greater 
we  prefume  it  is,  and  this  in  the  fame  proportion. 
As  foon  as  I  imagine,  by  whatever  illufion,  that  a  fly 
paffing  clofe  before  my  eye  is  at  the  diftance  of  loo 
paces,  I  am  obliged,  almoft  whether  I  will  or  no,  to 
fuppofe  it  as  many  times  greater  as  loo  paces  exceed 
the  real  diftance  of  the  fly  from  my  eyes. 

VL  Wc  are  now,  therefore,  reduced  to  a  new 

7  qneftion ; 
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queftion :  Wherefore  do  we  prefumc  that  the  moon 
is  at  a  greater  diftance  when  flie  is  feen  in  the  hori«» 
fcon  ?  and.  Wherefore  is  this  illufion  fo  univerfal  as 
not  to  admit  of  a  fingle  exception  ?  For  the  illufion 
ef  imagining  that  the  moon  is  then  at  a  much  greater 
diftance  is  altogether  unaccountable.  ^  It  is  undoubt-* 
cdly  true  that  the  moon  is,  then,  really  a  little  more 
daftant,  as  I  demonftrated  in  my  laft  letter,  but  the 
difference  is  fo  trifling  as  to  be  imperceptible*  Be^ 
iides,  the  fim,  though  i  oo  times  more  diftant  thai» 
the  moon,  does  not  appear  fo,  and  the  eye  eftimate^ 
even  the  fixed  ftars  as  nearly  at  the  famq  diftance. 

VIL  Though,  therefore,  when  the  moon  is  in  the 
horizon,  fhe  is  adually  a  little  more  diftant,  this  cir- 
cumftance  cannot  aflfeft  the  prefent  queftion;  and 
this  univerlal  computation,  which  induces  the  whole 
world  to  imagine  the  mopn  to  be  then  at  a  much 
greater  diftance  than  fhe  really  is,  muft  be  founded 
on  reafons  entirely  dilfereilt,and  capable  of  producing 
univerfal  iUufion.  For,  as  the  computation  is  un^ 
queftionably  erroneous,  the  reafons  which  determine 
us  to  make  it  muft  neceflarily  be  very  flxiking. 

VIII.  Somi^  phik>fophers  have  attempted  to  ex- 
^ain  this  phenomenon,  by  alleging,  that  it  is  occa- 
fioned  by  the  intervention  of  various  objefts  between 
us  and  the  moon,  fuch  as  cities,  villages,  forefts,  and 
mountains.  This,  fay  they,  is  the  reafon  that  flie 
^en  appears  to  be  much  farther  off;  whereas,  when 
file  has  attained  a  confiderable  elevation,  as  no  other 
body  intervenes,  flie  muft  appear  to  be  nearer.  But 
this  explanation,  however  ingenious  it  may  at  firft 
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fight  appear,  is  deftitute  of  folidity.  On  looking  at 
the  moon  in  the  horizon,  through  a  fmall  aperture 
made  in  any  body  whicli  fliall  conceal  the  interme- 
diate objefts,  flie  ncverthelefs  ftill  fecms  greater. 
Befides,  we  do  not  always  imagine  that  objects,  be- 
tween which  and  us  many  otlier  bodies  interpofe, 
are  more  diftant.  A  great  hall^  for  e:xa]iiple,  when 
quite  empty,  ufually  appears  much  larger  than  when 
filled  with  company,  notwithftanding  the  numerous 
objeds  then  interpoied  between  us  and  the  walls  of 
the  apartment. 

24/^  jiptil,  1762. 
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An  Attempt  toward  the  true  Explanation  of  this  FhenO' 
vicnon  :  The  Moon  appears  more  di/}a?it  ivhen  in  tk 
Horizon,  than  when  at  a  great  Elevation. 

TT7E  are  ftill,  then,  very  far  from  the  true  folu- 
^  ^  tion  of  this  univerfal  illufion,  under  which 
all,  without  exception,  are  induced  to  imagine  the 
moon  to  be  much  greater  when  in  the  hori2X)n,  than 
when  confiderably  elevated.  I  have  already  re- 
marked, that  this  phenomenon  is  fo  much  the  more 
unaccountable,  from  it*s  being  demonftrable  that  the 
moon's  apparent  diameter  is  then  even  fomewhat 
lefs :  we  ought  not,  therefore,  to  fay,  that  we  then 
fee  the  moon  greater,  but  that  we  imagine  her  to 
be  fo. 

Accordingly,  I  have  very  often  obferved  our  judg- 
ment 
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ment  of  obje&s  to  differ  very  widely  from  vifion  it-. 
felf.  We  do  not  hefitate,  for  example,  to  conclude, 
that  a  horfe  i  oo  paces  diftant  is  larger  than  a  dog 
one  pace  diftant,  though  the  apparent  magnitude  of 
the  dog  is  unqueftionably  greater,  or,  which  amounts 
to  the  fame  thing,  though  the  image  of  the  dog, 
painted  on  the  bottom  of  the  eye,  be  greater  than 
that  of  the  horfe.  Our  judgment,  in  this  c^fe,  is 
regulated  by  taking  diftance  into  the  account,  and 
laying  it  down  that  the  horfe  is  much  farther  off 
than  the  dog,  we  conclude  he  is  much  larger. 

It  is  very  probable,  therefore,  that  the  fame  cir- 
cumftance  n^ay  take  place  refpefting  the  moon's  ap- 
pearance, and  induce  us  to  reckon  the  moon  greater,* 
when  in  the  horizon,  than  at  a  confiderable  elevation. 
In  the  cafe  of  the  horfe,  our  computation  of  diftance 
was  founded  in  truth ;  but  here,  as  it  is  ahfolutely 
erroneous,  the  illufion  muft  be  Angularly  unaccount- 
able, but  muft,  at  the  fame  time,  have  a  certain 
foundation,  as  it*s  prevalence  is  univerfal,  and  can- 
not, therefore,  be  imputed  to  caprice.  Wherein 
can  it  confift  ?  This  is  to  be  the  fubjeft  of  our  pre- 
fent  enquiry. 

I.  Every  one  confiders  the  azure  expanfe  of  hea- 
ven as  a  flattened  arch,  the  fummit  of  which  is  much 
nearer  to  us  than  the  under  part,  where  it  meets  the 
horizon.  A  perfon,  accordingly,  ftanding  on  a  plane 
AB  f plate  X.^g.  7.)  which  extends  as  far  as  his 
fight  perceives  the  vault  of  heaven,  commonly  called 
the  firmament,  under  the  figure  A  E  F  B,  in  which 
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the  diftanccs  C  A  and  C  B  arc  much  greater  than 
tVom  the  zenith  to  C. 

n.  This  klca  is  likcwifc,  beyond  all  quefHon,  a 
mere  illufion  ;  there  being,  in  reality,  no  fuch  vault 
furrounding  and  inclofing  us  on  every  fide.  It  is  a 
void  of  iinmenfc  extent,  as  it  reaches  to  the  moft 
diftant  of  the  fixed  ttars,  an  interv^  that  far  exceeds 
all  power  of  imagination.  I  ufe  the  word  'uotd  to 
diftinguifh  it  from  grofs  terreftrial  bodies.  For,  near 
the  earth,  fpace  is  occupied  by  our  atmo^here  ;  and 
beyond,  by  that  fluid,  infinitely  more  fubtile^  which 
we  call  ether. 

HI.  Though  this  vault^  however,  has  no  real  ex- 
•  irtence,  it  poffcfles  an  undoubted  reality  in  our  ima- 
gination ;  and  all  mankind,  the  philofopher  as  wcB 
as  tlic  clcAvn,  are  fubjecl  to  the  fame  illufion.  On 
the  furface  of  this  arch  wc  imagine  the  fun,  the  moon, 
and  all  the  ftars  to  be  difpofcd,  like  fo  many  brilliant 
ftuds  alllxed  to  it ;  and  though  we  have  a  perfect 
conviction  of  the  contrary,  we  cannot  help  giving 
into  the  illufion. 

IV.  This  being  laid  down,  when  the  moon  is  in 
tlie  horizon,  imagination  attaches  her  to  the  j>oint  A 
or  B  of  this  fuppofcd  vault,  and  hence  we  conclude 
her  diftance  to  be  as  much  greater  as  we  confider  the 
line  C  A  or  C  B  to  be  greater  than  C  Z  ;  but  when, 
as  fhe  afcends,  and  approaches  the  zenith,  we  ima- 
gine ftie  comes  nearer,  and  if  flie  reaches  the  very 
zenith  we  think  fhe  is  at  the  leaft  poflible  diftance. 

V.  The  illufion,  as  to  diftance,  neceflarily  involves 

that 
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that  which  refpefts  magnitude.  As  the  moon  at  A 
appears  much  farther  from  C,  than  in  the  zenith, 
*we  are,  in  a  manner,  forced  to  conclude,  that  the 
moon  is  really  fo  iriuch  greater;  and  that  iathe  fame 
proportion  that  the  diftance  C  A  appears  to  exceed 
the  diftance  C  Z.  All  will  not,  perhaps,  agree  in  de- 
termining this  proportion ;  one  will  fay,  the  moon 
appears  to  him  twice  as  great,  when  in  the  horizon; 
another  will  fay  three  times,  and  the  generality  will 
declare  for  the  medium  between  two  and  three ;  but 
every  one  will  infallibly  agree  in  afferting  that  the 
moon  appears  larger. 

VT.  It  may  be  neceffary,  here,  to  prefent  you  with 
the  demonftration  of  this  propolition.  The  compu- 
tation of  magnitude  is  neceffarily  involved  in  the 
computation  of  diftance.  When  the  moon  is  near 
the  horizon,  we  fee  her  (plate  X.  fig.  8.  J  under  a 
certain  angle,  fay  MCA,  the  fpeclator  being  at  C  : 
and,  when  flie  is  at  a  very  great  elevation,  let  N  C  D 
be  the  angle  under  which  we  fee  her.  It  is  evident 
that  thefe  two  angles  MCA  and  N  C  D  are  nearly 
equal  to  each  other,  the  difference  being  impercep- 
tible. ^ 

VII.  But,  in  the  firft  cafe,  as  we  eftimate  the 
moon's  diftance  to  be  much  greater,  or  equal  to  the 
\\tit  C  A,  with  reference  to  the.  imaginary  vault 
above  defcribed,  it  follows,  that  we  compute  the 
moon's  diameter  to  be  equal  to  the  line  M  A.  But, 
in  the  other  cafe,  the  diftance  of  the  moon  C  D  ap- 
pears much  fmaller,  and,  confequently,  as  the  angle 
N  C  D  is  equal  to  the  angle  MCA,  the  computed 
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magnitude  D  N  will  be  much  fmaller  than  the  com- 
puted magnitude  A  M. 

VIII.  To  put  this  beyond  a  doubt,  you  have  dnly 
to  cut  off  from  the  lines  CM  and  CA,  the  parts  Cd 
and  C  n  equal  to  the  lines  C  D  and  C  N ;  and  as  in 
the  two  triangles  Cd n  and  C D N,  the  angles  at  the 
point  C  are  equal,  the  triangles  thcmfelves  are  like- 
wife  fo,  and,  confcquently,  the  line  DN  will  be 
equal  to  the  line  d  n ;  but  dn  v&  evidently  fmaller 
than  A  M,  and  that,  as  many  times  as  the  diftance 
C  d  and  C  D  is  lefs  than  C  A.  This  is  a  clear  de- 
monftration  of  the  reafon  why  we  eftimate  the  moon 
to  be  greater  when  in  the  horizon,  than  when  near 
the  zenith. 

2yb  j4pril^    1762, 
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LETTER    CXIII. 

The  Heavens  appear  under  the  Form  of  an  Arch  Jiatteiied 

toward  the  Zenith* 

YOIi  will  tax  me,  no  doubt,  with  pretending  to 
explain  one  illufion  by  another  equally  unac- 
countable. It  may  be  faid,  that  the  imaginary  vault 
of  heaven  is  altogether  as  inconceivable  as  the  in- 
creafed  appearance  of  the  moon  and  the  other  hea- 
venly bodies,  when  in,  or  near,  the  horizon.  The 
objection  is  not  without  foundation,  and  therefore 
lays  me  under  the  neceflity  of  attempting  to  explain 
the  true  reafon,  why  the  heavens  appear  in  the  form 
of  an  arch  flattened  toward  the  fummit.  The  fol- 
io wins: 
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lowing  refleftions  may,  perhaps,  be  received  as  an 
acquittance  of  my  engagement. 

L  In  order  to  account  for.  this,  imaginary  vault, 
it  will  be  alleged  that  it  proceeds  from  the  appear- 
ance of  the  heavenly  bodies,  as  feeming  more  re- 
mote, when  in  the  horizon,  than  when  near  to,  or 
in,  the  zenith.  This  is,  undoubtedly,  a  formal  pefi- 
iio  principiij  as  logicians  c?ill  it,  or  a  begging  of  the 
queftion,  which  eveiy  one  is  entitled  to  reject  as  a* 
ground  of  reafoning.  In  truth,  having  faid  above, 
that  the  imaginary  vault  of  heaven  makes  the  moon, 
in  the  horizon,  appear  farther  oflf  than  when  near 
the  zenith,  it  would  be  ridiculous  to  affirm,  that 
the  thing  which  leads  us  to  imagine  the  exiftence  of 
fuch  a  vault  is,  that  horizontal  objects  appear  more 
diftant  than  vertical. 

n.  It  was  not,  however,  ufelefs  to  fuggeft  the 
idea  of  this  imaginary  vault,  though  it  may  not 
carry  us  a  great  way  forward ;  and  after  I  ftiall  have 
explained,  wherefore  the  heavenly  bodies  appear 
more  remote  when  viewed  near  the  horizon,  you 
will  be  enabled  to  comprehend,  at  the  fame  time, 
the  reafon  of  that  two-fold  univerfal  illufion,  namely, 
the  apparently  increafed  magnitude  of  the  heavenly 
bodies,  when  in  the  horizon,  and  the  flattened  arch 
of  heaven. 

III.  The  whole,  then,  reverts  to  this,  to  explain 
wherefore  the  heavenly  bodies,  when  feen  in  the  ho- 
rizon, appear  more  remote  than  when  at  a  confi- 
derable  elevation :  I  now  affirm,  it  is  becaufe  thefe 
objects  appear  lefs  brilliant ;  and  this  impo&s  on  me 
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the  double  talk  of  demonftrating,  why  thefe  objects 
difplay  Icfs  brilliancy  when  in,  or  near,  the  horizon  y 
and  of  explaining,  how  this  droimftance  neceffarily 
involves  the  idea  of  a  greater  diftance.  I  flatter  my- 
feif  I  {hall  be  enabled  to  difchargc  both  of  thefe  to 
your  iatisfa<5bion. 

IV.  The  phenomenon  itfelf  will  not  be  called  in 
queftion.  However  greater  the  fun's  luftre  may  be 
at  noon,  which  it  is  then  impoflible  to  afcertain,  you 
know  that  in  the  morning  and  evening,  when  he  is 
riling  or  fetting,  it  is  poflible  to  contemplate  his 
body,  without  any  injury  to  the  eye ;  and  the  fame 
thing  takes  place  with  refpecl  to  the  moon  and  all 
tlie  ftars,  whofe  brilliancy  is  greatly  diminifhed  in 
the  vicinity  of  the  horizon.  We,  accordingly,  do  I 
not  fee  the  fmaller  ftars  when  at  a  fmall  elevation' 
above  the  horizon,  though  they  are  fufficiently  dif- 
ccrnible  at  a  certain  height. 

V.  This  being  eftablilhed  beyond  a  poffibility  of 
doubt,  the  caufc  of  this  diflfcrence  of  illumination 
remains  to  be  inveftigated.  It  is  abundantly  evident 
that  we  can  trace  it  only  in  our  atmofphere,  or  the 

.  body  of  air  which  encompaffes  our  earth,  in  as  far 
as  it  is  not  perfectly  tranfparent.  For  if  it  were,  fo 
that  all  the  rays-  Ihould  be  tranfmitted  through  it, 
without  undergoing  any  diminution,  there  could  be 
no  room  to  doubt,  that  the  ftars  muft  always  fhine 
with  the  fame  luftre,  in  whatever  region  of  the  hea- 
vens they  might  be  difcovered. 

VI.  But  the  air,  a  fubftance  much  lefs  fine  and 
fubtilc  than  ether,  whofc  tranfparency  is  perfeft,  is 

continually 


.TOWARD  THE  ZENITH.  455 

continually  loaded  with  heterogeneous  particles, 
rifing  into  it  above  the  earth,  fuch  as  v^ours  and 
exhalations,  which  deftroy  it's  tranfparency ;  fo  that 
if  a  ray  fliould  fall  in  with  fuch  a  particle,  it  would 
be  intercepted,  and  aimoft  extinguiftied  by  it.  It  is 
accordingly  evident,  that  the  more  the  air  is  loaded 
with  fuch  particles,  which  prevent  the  tranfmiflioft 
of  light,  the  more  rays  muft  be  loft  by  the  intercep- 
tion ;  and  you  know  that  a  very  thick  mift  deprives 
the  air  of  aimoft  all  it's  tranfparency,  to  fuch  a  de-  * 
gree,  that  it  -  is  frequently  impoflible  to  diftiriguifli 
obje<9:s  at  three  paces  diftance,  :      { 

VII.  Let  the  points  marked,  inplate  X.^g.  9.'  re- 
prefent  fuch  particles,  fcattered  through  the  air, 
whofe  number  is  greater  or  lefs,  according  as  the  ilr 
is  more  or  lefs  tranfparent.  It  is  evident,  that  many 
of  the  rays,  which  pervade  that  fpace,  muft  be  loff, 
and  that  the  lofs  muft  be  greater^  in  proportion  as 
the  fpace  which  they  had  to  run  through  that  air  is 
greater.  We  fee,  then,  that  diftaitt  dbjeSbs  become 
invifible  in  a  fog,  while  fuch  as  are  very  near  rfife 
eye,  may  be  ftiU  perceptible,  becaufe, the  rays  oF  die 
firft  meet,  in  their  progrefs,  a  greater: number  of  ' 
particles  which  obftrucl  their  tranimiffion^  » 

VIIL  We  muft  hence  conclude,  that  the  longer 
the  fpace  i^,  through  which  the  rays  of  the  heavenly 
bodies  have  to  pais  through  the  atmofphere,  in  order 
to  reach  our  eyes,  the  more  confiderable  muft /be 
their  lofs  qr  diminution.  Of  this  you  can  no  longer 
entertain  any  doubt.  All  that  remains,  then,  is 
fimply  to  demonflxate,  that  tht  rays  of  the  ftars 
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which  we  fee  in,  or  near,  our  horizon,  have  a  longer 
fpace  of  the  atmofphcre  to  pervade,  than  when  nearer 
the  zenith.  When  this  is  done,  you  will  eafily  com- 
prehend, why  the  heavenly  bodies  appear  much  Icfi 
brilliant  when  near  the  horizoti,  than  at  the  time  of 
riiing  and  fetting.  This  ftiall  be  the  fubjedl  of  my 
next  letter. 

ift  Mayt  1762. 
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Reafon  oj/igned  for  the  Faintnefs  of  the  Li^ht  of  Hea- 

venly  Bodies  in  the  Horizon. 

% 
■  / 

WHAT  I  have  juft  advanced,  namely,  that  the 
rays  of  the  heavenly  bodies,  when  in  the 
horizon,  have  a  larger  portion  of  our  atmoiphere  to 
pervade,  may  appear  fomewhat  paradoxical,  confider- 
ing  that  the  atmofphere  univerlally  extends  to  the 
fame  height,  fo  that,  at  whatever  point  the  flar  may 
be,  it's  rays  muft  always  penetrate  through  the  whole 
of  that  height^  before  it  can  reach  our  eyes.  The 
foDowing  refleftions,  I  flatter  myfelf,  will  give  you 
complete  fatisfaftion  on  the  fubjeft. 

I.  It  is,  firft  of  all,  neceflary  to  form  a  juft  idea  of 
the  atmofphere  which  furrounds  our  globe.  For 
this  purpofe,  the  interior  circle  A  B  C  D  f plate  X 
fig.  10.  J  ftiall  reprefent  the  earth,  and  the  exterior 
dotted  circle  ^  i  ^  ^/ fliall  mark  the  height  of  the  at- 
mofphere. Let  it  be  remarked  that,  univerfally,  in 
proportion  as  the  air,  rifes  above  the  furface  of  the 

earth, 
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e^rth,  it  becomes  always  more  tranfparent  and  fub- 
tile,  fo  that,  at  laft,  it  is  imperceptibly  loft  in  the 
ether,  which  fills  the  whole  expanfe  of  heayen. 

U.  The  groffer  air,  that  which  is  moft  loaded  with 
the  particles  that  intercept  and  extinguifli  the  rays  of 
light,  is  univerfally  found  in  the  lower  regions,  near 
the  furface  of  the  earth.  It  becomes,  therefore,  more 
fubtile  as  we  afcend,  and  lefs  obftruftive  of  the  light ; 
and,  at  the  height  of  a  German  mile,  has  become  fo 
'  tranfparent,  as  to  occafion  no  perceptible  obftruftion 
whatever,  of  the  light.  The  diftance,  then,  betweea 
the  interior  circle  and  the  exterior,  may  be  fixed  at  a 
German  mile,  nearly,  whereas  the  femi-diameter  of 
the  globe  contains  about  860  of  fuch  miles :  fo  that 
the  height  of  the  atmofphere  is  a  very  finall  matter, 
compared  with  the  magnitude  of  the  globe. 

III.  Let  us  now  cotifider,  (j>late  X.fg.  n.)  a  fpec- 
tator  at  A,  on  the  furface  of  the  earth ;  and  drawing 
from  the  centre  of  the  globe  G,  through  A,  the  line 
G  Z,  it  will  be  direfted  toward  the  zenith  of  the  fpec- 
tator.  The  line  AS,  which  is  perpendicular,  and 
touches  the  earth,  will  be  horizontal  to  it.  Confe- 
quently,  he  will  fee  a  ftar  at  Z  in  his  zenith,  or  in 
the  fummit  of  the  heavens ;  but  a  ftar  at  S  will  ap- 
pear to  him  in  the  horizon,  at  it's  rifing  or  fetting. 
Each  of  thefe  ftars  may  be  confidered  as  infinitely 
diftant  from  the  earth,  though  it  was  impoffible  to 
reprefent  this  in  the  figure. 

IV.  Now  you  have  only  to  caft  your  eye  once 
more  oi;i  the  figure,  to  be  fatisfied  that  the  rays  pro- 
ceeding from  S  have  a  much  longer  Ipace  to  travel 

through 
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lUnfton  ref peeling  the  Dijlancc  ofObje^Sj  and  the  Dim- 

nution  of  Liijlre. 

THE  principle  of  our  imagination,  by  which ! 
have  endeavoured  to  explain  the  phenomenon 
of  the  moon's  greater  apparent  magnitude  in  the  ho- 
rizon than  at  a  confiderable  elevation,  is  fb  deeply 
rooted  in  our  nature  as  to  become  the  fource  of  a 
thoufand  fimilar  illufions,  fome  of  which  I  will  take 
tlic  liberty  to  fuggeft. 

We  have  been  habituated  from  infancy,  almofi  in- 
voluntarily, to  imagine  objefts  to  be  diftant  in  pro^ 
portion  as  their  luftre  is  diminifhed :  and,  on  the 
other  hand,  very  brilliant  objefts  appear  to  be  nearfl' 
than  they  really  are.  This  illufion  can  proceed  only 
from  an  ill-rcgulatcd  imagination,  which  very  fre- 
quently miflcads  us.  It  is  neverthelefs  fo  natural, 
and  fo  univerfal,  that  no  one  is  capable  of  guarding 
agalnft  it,  though  the  error,  in  many  cafes,  is  ex- 
tremely palpable,  as  I  have  fhewed  in  the  inftance  of 
the  moon  :  but  we  are  equally  deceived  in  a  variety 
of  oiher  inftances.     As  I  fliall  prefently  make  appear. 

I.  It  is  a  well-known  illufion,  that  the  flame  of  a 
confllagration,  in  the  night,  appears  much  nearer 
tiian  it  really  is.  The  rcafon  is  obvious ;  the  fire 
l)uizcs  in  all  it's  luftre,  and  in  conformity  t;o  a  prin- 
ciple pre-eftabliihed  in  the  imagination,  we  al\\^ys 
conclude  it  to  be  nearer  than  it  is  in  reality. 
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II.  For  the  fame  reafon,  a  great  hall,  the  w;ills  of 
which  are  perfectly  white,  always  appears  fmallen 
White,  you  know,  is  the  moft  brilliant  colour :  hence 
we  conclude  the  walls  of  fuch  an  apartment  to  be  too 
,  near,  and,  confequently,  the  apparent  magnitude  is 
thereby  diminifhed. 

in.  But  in  an  apartment  hung  with  black,  as  is 
the  cuftom  in  mournings,  we  perceive  the  directly 
oppofite  efFeft.  The  apartment  now  appears  con- 
fiderably  more  Ipacious  than  it  really  is.  Black  is, 
undeniably,  the  moft  gloomy  of  colours,  for  it  rc- 
flefts  fcarcely  any  light  on  the  eye ;  hence  the  walls 
of  an  apartment  in  deep  mourning  feem  more  dif- 
tant  than  they  are,  and  confequently  greater ;  but 
let  the  black  hangings  be  removed,  and  the  white 
colour  re-appe;ar,  and'  the  apartment  will  feem  con- 
trafted. 

IV.  No  clafs  of  men  avail  themfelves  more  of  this 
natural  and  univerfal  illufion  than  painters.  The 
lame  picture,  you  know,  r^prefents  fome  objects  as 
at  a  great  diftance,  and  others  as  very  near ;  and 
here  the  Ikill  of  the  artift  is  moft  confpicuous.  It  is 
not  a  little  furprizing,  that  though  we  know,  to  ab- 
folute  certainty,  all  the  reprefentations  of  a  picture  to 
be  expreffed  on  the  fame  furface,  and,  confequently, 
at  nearly  the  fame,  diftance  from  the  eye,  we  Ihould 
be,  neverthelefs,  under  the  power  of  illufion,  and 
imagine  fome  to  be  quite  near,  and  others  extremely 
diftant.  This  illufion  is  commonly  afcribed  to  a 
dextrous  management  of  light  and  fhade ;  which, 
undoubtedly,  furnifh  the  painter  with  endlefs  re- 
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fourccs.  But  you  have  only  to  look  at  a  pidure  to 
be  fcntiblc,  that  the  objects  intended  to  be  thrown  to 
a  great  diltance,  are  but  faintly  and  even  indiftinSly 
cxprcllbd.  Thus,  when  the  eye  is  direfted  to  very 
remote  objects,  we  eafily  perceive,  for  example,  that 
they  are  men,  but  it  is  impofiible  to  diftinguifli  the 
parts,  fuch  as  the  eyes,  the  nofe,  the  mouth ;  and  it 
is  in  conformity  to  this  appearance,  that  the  painter 
rcprefcnts  objects.  But  thofe  which  he  intends 
fiiould  appear  clofe  to  us,  he  dilplays  in  all  the 
brightnefs  of  colouring,  and  is  at  pains  clearly  to  ex- 
prcfs  each  minute  particular.  If  they  are  perfons, 
we  can  diitinguifli  the  fmalleft  lineaments  of  the  lace, 
the  folds  of  the  drapery,  &c.:  this  part  of  the  re- 
prefentation  fccuis,  I  may  fay,  to  rife  out  of  the  can- 
vas, while  other  parts  appear  to  fink  and  retire. 

V.  On  this  illufion,  therefore,  the  v/hole  art  of 
painting  entirely  refts.  Were  we  accuftoihed  to  form 
our  judgment  in  ilricl  conformity  to  truth,  this  art 
would  make  no  more  imprelilon  on  us  than  if  we 
were  blind.  To  no  purpofc  would  the  painter  call 
forth  all  his  powers  of  genius,  and  employ  the  hap- 
pieft  arrangement  of  colours,  we  fhould  coldly  affirm, 
on  that  piece  of  canvas,  there  is  a  red  fpot,  here  a 
blue  one ;  there  a  black  ftroke,  here  fome  whitilh 
lines  :  every  thing  is  on  the  fame  plane  furface  ;  there 
is  no  rifmg  nor  linking;  therefore  no  real  object  can 
be  reprefented  in  this  manner:  the  whole  would, in 
tliis  cafe,  be  confidered  as  a  fcrawling  on  paper,  and 
we  Ihouid,  perhaps,  fatigue  o.urfelves  to  no  purpofe^ 
in  attempting  to  decypher  the  meaning  of  all  thcfe 

7  different 
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different  coloured  fpots,  .  Would  not  a  man,  in  fuch 
aftate  of  perfcftion,  be  an  object  of  much  compaflion^ 
thus  deprived  of  the  pleafure  refulting  from  the  prd- 
duclions  of  an  art,  at  once  fo  amufing,  and  fo.  in- 
flxuclive  ? 

StkMafy  1762. 
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LETTER    CXVL 
On  the  Azure  Colour  of  the  .Heavens^ 

YOU  are  now  enabled  to  comprehend  the  reafon 
why  the  fun  and  moon  appear  much  greater 
when  in  the  horizon,  than  at  a  confiderable  eleva- 
tion. It  confifts  in  this,  that  we  then  unintentionally 
compute  thefe  bodies  to  be  at  a  greater  diftance,  a 
computation  founded  on  the  very  confiderable  dimi-* 
nution  which  their  luftre,  in  that  pofition,  undergoes,' 
firom  the  longer  paflage  which  the  rays  have  to  force, 
through  the  lower  region  of  the  atmofphere,  which 
is  the  moft  loaded  with  vapours  and  exhalations, 
whereby  the  tranfparency  is  diminiflied.  This  is  a 
brief  recapitulation  of  the  reflections  which  I  have 
taken  the  Uberty  to  fuggeft  on  this  fubjeft. 

This  quality  of  the  air,  which  diminiflies  tranfpa- 
rency, might,  at  firfl  fight,  be  confidered  as  a  defeft* 
But  on  attending  to  confequences,  we  fhall  find  it  fo 
far  from  being  fuch,  that  we  ought,  on  the  contrary, 
to  acknowledge  in  it  the  infinite  wifdom  and  good- 
iiefs  of  the  Creator.  To  this  impurity  of  the  air 
'  we  are  indebted  for  that  wonderad.  and  ravifhing 
.  .  fpeclacle 


■464 


OK  THE  AZURE  COLOUK. 


\ 


fpccbicle  which  the  azure  of  the  heavens  prefents  to 
the  eye  ;  for  the  opaque  particles,  which  obftrud  the 
rays  of  light,  are  illuminated  by  them,  and  afterwards 
re-tranfmit  their  own  proper  rays,  produced  in  their 
iurfacc  by  a  ^^olent  agitation,  as  is  the  cafe  in  all 
opaque  bodies.  Now,  it  is  the  number  of  vibrations 
communicated  to  theni,  which  reprefents  to  us  this 
magnificent  azure :  a  circumftance  which  well  de- 
ferves  to  be  completely  unfolded. 

1. 1  obferve,  firft,  that  thefe  particles  are  cxtremdy 
minute  and  confiderably  diftant  from  each  other,  be- 
fides  their  being  delicately  fine  and  almoft  wholly 
tranfparent.  Hence  it  comes  to  pais,  that  each,  fc- 
parately,  is  abfolutely  imperceptible,  fo  that  we  can 
be  afFedked  by  them  only  when  a  very  great  number 
tranfmit  their  rays  at  once  to  the  eye,  and  nesirly  in 
the  fame  direftion.  The  rays  of  feveral  muft,  there- 
fore, be  coUefted,  in  order  to  excite  a  fenlatioh^ 

II.  Hence  it  clearly  follows,  that  fuch  of  thefe  par- 
ticles as  are  near  to  us  efcape  our  fenfes,  for  they 
muft  be  confidered  as  points  difperfed  through  the 
mafs  of  air. 

But  fuch  as  are  very  diftant  from  the  eye,  as  (phti 
XL  Jig.  1.)  the  points  ab  c  coUeft  in  the  eye,  almdl 
according  to  the  fame  direction,  their  feveral  rays, 
which,  thus,  become  fufficiently  ftrong  to  affeft  the 
fight,  efpecially  when  it  is  confidered  that  fimilar 
particles  more  remote,  efg  A,  as  well  as.  others  more 
near,  concur  in  producing  this  effeft. 

III.  The  azure  colour  which  we  fee  in  the  heavens, 
when  ferene,  is  nothing  elfe,  then,  but  the  refult  of 

all 
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all  thefe  particles  difperfed  through  the  atmofphere, 
efpccially  of  fuch  as  are  very  remote :  it  may  be  af- 
firmed, therefore,  that  they  are  in  their  nature  blue, 
but  a  blue  extremely  dear,  which  becomes  not  fuf- 
ficiently  deep  and  perceptible,  except  when  they  are 
in  a  very  great  number,  and  unite  their  rays  accord- 
ing to  the  fame  direftion, 

IV.  Art  has  the  power  of  producing  a  fimilar  eflfeft. 
If,  on  diffolving  a  fmall  quantity  of  indigo,  in  a  great 
quantity  of  water,  you  let  that  water  fall  drop  by 
drop,  you  wiD  not  perceive  in  the  feparate  drops  the 
flighteft  appearance  of  colour ;  and  on  pouring  fome 
of  it  into  a  fmall  goblet,  you  will  perceive  only  a 
faint  bluilh  colour.  But  if  you  fill  a  large  veffd  with 
the  fame  water,  and  view  it  at  a  dHlance,  you  will 

.  perceive  a  very  deep  tiiue.  The  fame  experiment 
mzj  be  made  with  other  colours.  Burgundy  wine, 
in  very  finall  quantities,  appears  only  to  be  faintly 
teddilh,  but  in  a  large  flalk  completely  filled,  the 
wine  appears  of  a  deep  red. 

V.  Water,  in  a  large  and  deep  veflel,  prefents  fome- 
thing  like  colour,  but,  in  a  fmall  quantity,  is  alto- 
gether dear  and  limpid.  This  colour  is,  commonly, 
more  or  lefs  of  a  greenifli  caft,  which  may  warrant  us 
in  faying,  that  the  minute  partides  of  water  are  like- 
wife  fo;  but  of  a  colour  fo  delicately  fine  that  a  great 
mafs  of  it  muft  be  collefted,  before  the  colour  can  be 
perceptible,  becaufe  the  rays  of  a  multitude  of  par- 
tides  then  concur  toward  producing  this  eflFed. 

VI.  As  it  appears  probable,  from  this  obfervation, 
that  the  minute  particles  of  water  are  greenifh,  it 

Vol,  n.  H  h  might 
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might  be  maintained,  that  the  reafon  why  the  fea,  or 
I  he  water  of  a  lake  or  pool,  appears  green,  is  the  very 
fame  that  gives  the  heavens  the  appearance  of  azure. 
For  it  is  more  probable,  that  all  the  particles  of  the 
air  fliould  have  a  faintly  bluifh  caft,  but  fo  very  fabt, 
as  to  be  imperceptible  till  presented  in  a  prodigious 
mafs,  fuch  as  the  whole  extent  of  the  atmofphere; 
than  that  this  colour  is  to-  be  afcribed  to  vapours 
floating  in  the  air,  but  which  do  not  appertain  to  it. 
VII.  hi  fact,  the  purer  the  air  is,  and  the  more 
purged  from  exhalation,  the  brighter  is  the  lufire  of 
heaven's  azure ;  which  is  a  fufficient  proof,*  that  we 
muft  look  for  the  reafon  of  it,  in  the  nature  of  the 
proper  particles  of  the  air.  Extraneous  fubibmces 
mingling  with  it,  fuch  as  exhalations,  become,  on 
the  contrary,  injurious  to  that  beautiful  azure,  and 
ferve  to  diminifh  it's  luftre.  When  the  air  is  over- 
loaded with  fuch  vapours,  they  produce  fogs  near 
the  furface,  and  entirely  conceal  from  us  the  azure 
appearance  ;  when  they  are  more  ^evated,  as  is  fre- 
quently the  cafe,  they  form  clouds,  which  frequently 
cover  the  whole  face  of  the  fky,  and  prefent  a  very 
different  colour  from  that  of  this  azure  of  the  pure 
air.  This,  then,  is  a  new  quality  of  air,  different 
from  thofe  formerly  explained,  fubtility,  fluidity  and 
elafticity ;  namely,  the  minute  particles  of  air^  are  in 
their  nature  bluifli, 
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Whai  ihe  Appearance  would  be^  were  the  Air  perfeSlly 

tranf parent. 

INDEPENDENT  of  the  beautiful  fpeftacle  of  the 
azure  heavens,  procured  for  us  by  this  colour  of 
the  circumambient  air,  we  fhould  be  miferable  in  the 
extreme,  were  it  perfe6Uy  tranfparcnt,  and  di veiled 
of  thofe  bluifh  particles ;  and  we  have  here  a  new 
reafon  for  adoring  the  infinite  wifdom  and  goodnefs 
of  the  Creator. 

That  you  may  have  full  convicHon  of  the  truth  of 
my  affertion,  let  us  fuppdfe  the  air  to  be  quite  tranfr 
parent,  and  fimilar  to  the  ether,  which,  we  know, 
tranfmits  all  the  rays  of  the  ftars,  without  intercept- 
ing fo  much  as  one,  and  contains  no  particles  them- 
felves  illuminated  by  rays,  for  fuch  a  particle  could 
not  be  fo,  without  intercepting  fome  of  the  rays 
which  fell  upon  it.  If  the  air  were  in  this  ftate,  the 
rays  of  the  fun  would  pafs  freely  through  it,  without 
the  re-tranfmiilion  of  any  light  to  the  eye :  we  fhould 
receive,  then,  thofe  rays  only  which  came  to  us  im- 
mediately from  the  fun.  The  whole  heavens,  except 
the  fpot  occupied  by  the  fun,  would  appear,  there- 
fore, completely  dark ;  and,  inftead  of  this  brilliant 
blue,  we  ihould  difcover  nothing,  on  looking  up- 
ward, but  the  deepeft  black  and  the  moft  profound 
night.  ' 

Plate  Xl.Ji^.  2^  reprefents  the  funj  and  the  point 
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O  is  the  eye  of  a  fpcftator,  which  would  receiyc, 
from  above,  no  other  rays  but  thofe  of  the  fun,  fo 
that  all  iliumination  would  be  limited  to  the  fpacedF 
the  fmall  angle  EOF.  On  directing  the  eye  toward 
any  other  quarter  of  the  heavens,  fay  toward  M,  not 
a  ffngle  ray  would  be  emitted  from  it ;  and  the  sq^ 
pearance  would  be  the  fame  as  if  we  looked  into  totd 
darknefs ;  now,  every  place  which  tranfmits  no  ray 
of  light  is  black.  But,  here,  the  ftars  xnuft  be  ex« 
cepted,  which  are  fpread  over  the  whole  face  of  the 
heavens ;  for  on  direfting  the  eye  toward  M,  nothii^ 
need  prevent  the  rays  of  the  ftars  which  may  be  in 
that  quarter,  from  entering  into  it  j  nay,  they  would 
have  even  ftill  more  force,  as  they  could  fufier  no 
diminution  of  luftre  from  the  atmofphere,  fuch  as  I 
am  now  fuppofing  it.  All  the  ftars,  therefore,  would 
be  vifible  at  noon-day,  as  in  the  darkeft  night ;  but, 
it  muft  be  confidered,  that  this  whole  day  would  be 
reduced  to  the  fpace  of  the  little  angle  EOF;  all  the 
reft  of  the  heavens  would  be  black  as  night. 

At  the  fame  time,  ftars  near  the  fun  would  be  in- 
vifible,  and  we  ihould  not  be  able  to  fee,  for  example, 
the  ftar  N,  for  on  looking  to  it,  the  eye  would  like- 
wife  receive  the  rays  of  the  fun,  with  which  it  muft 
be  ftruck  fo  forcibly,  that  the  feeble  light  of  the  ftar 
could  not  excite  any  fenfation.  I  fay  nothing  of  the 
impoffibility  of  keeping  the  eye  open,  in  attempting 
to  look  toward  N.  This  is  too  obvious  not  to  be 
underftood. 

But  on  oppofing  to  the  fun  an  opaque  body,  whidi 
flball  intercept  his  rays,  you  could  not  fail  to  fee  the 

2  '  ftar 
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ftar  N,  however  near  it  might  be  to  the  fun.  It  is. 
cafy  to  comprehend  in  what  a  difmal  ftate  we  fliould 
then  be.  This  proximity  of  luftre  infupportablo 
and  darknefe  the  moft  profound,  muft  deftroy  the 
organs  of  vifion,  and  quickly  reduce  us  to  total  blind* 
nefs.  'Of  this  fome  judgment  may  be  formed  from 
the  inconvenience  we  feel  on  palling  fuddenly  from 
darknefs  into  light. 

Now,  this  dreadful  inconvenience  is  completely 
remedied  by  the  nature  of  the  air,  from  it's  contain- 
ing particles  opaque  to  a  Very  finall  degree,  and  fuf- 
ceptible  of  illumination.  Accordingly,  the  moment 
the  fun  is  above  the  horizon,  nay  fomewhat  earlier, 
the  whole  atmofphere-  becomes  illuminated  with  his  . 
rays,  and  we  are  prefented  with  that  beautiful  azure 
which  I  have  defcribed,  fo  that  our  eyes,  whicheveiv 
way  direiEled,  receive  a  great  quantity  of  rays,  ge- 
nerated in  the  fame  particles.  Thus,  on  looking  to- 
ward  M,  (fee  the  fame  ji^re  as  before)  we  perceive  a 
great  degree  of  light,  produced  by  this  brilliant  azure 
of  the  heavens. 

This  very  illumination  of  the  atmolphere  prevents 
our  feeing  the  ftars  by  day :  the  reafon  of  this  is  ob- 
vious. It  far  exceeds  that  of  the  ffcirs,  and  the  greater 
light  always  makes  the  leffer  to  difappear ;  and  thcf 
neryps  of  the  retina,  at  the  bottom  of  the  eye,  being 
already  ftruck  by  a  very  flrong  light,  are  no  longer 
fenfible  ta  the  impreffion  made  by  the  feebler  light  of 
the  ftars. 

You  will  pleafe  to  recoiled  that  the  light  of  the 
full  moon  is  upward  of  300,000  times  'more  faint 
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than  that  of  the  fun  ;  and  this  will  convince  you, 
that  the  light  proceeding  from  the  ftars^  is  a  mere 
nothing  in  comparifon  witK  the  light  of  the  fun.  But 
the  illumination  of  the  heavens,  in  the  day-time, 
even  though  the  fun  fhould  be  over-clouded,  is  fo 
great,  as  many  thoufand  times  to  exceed  the  light  of 
the  full  moon. 

You  muft  have  frequently  perceived  that,  in  the 
night,  when  the  moon  is  full,  the  ftars  appear  ftiudi 
lefs  brilliant,  and  that  thofe  only  of  fup)erior  ms^t- 
tudc  are  vifiblc,  efpecially  in  the  moon's  vicinity ;  a 
fufficient  proof,  that  the  llronger  light  always  ab- 
forbs  the  feebler. 

It  is,  then,  an  unfpeakable. benefit,  that  our  atmo- 
fphere  begins  to  be  illuminated  by  the  fun,  even  be- 
fore he  rifes,  a^  we  are  thereby  prepared  to  bear  the 
vivacity  of  his  rays,  which  would  otherwife  be  in- 
fupportable,  that  is,  if  the  tranfition  from  night  to 
day  were  inftantaneous.  The  feafon  during  whidi 
the  atmofphere  is  gradually  illuminated  before  fun- 
rifing,  and  continues  to  be  illuminated  after  he  fets, 
is  denominated  twilight.  This  fubjeft,  from  it's 
importance,  merits  a  particular  explanation,  which 
I  propofe  to  attempt  in  my  next  Letter  :  and  thus, 
one  article  in  phyfics  naturally  runs  into  another. 
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LETTER    CXVIII. 

RefraBion  of  Rays  of  Light  in  the  Atmofphere^  and  ifs 
Effc£ls.  ^  Of  the  Twilight.  Of  the  apparent  rifing 
and  fetting  of  the  Heavenly  Bodies. 

TN  order  to  explain  the  caufe  of  the  twilight,  or 
-■-  that  illumination  of  the  heavens  which  precedes 
the  rifing  of  the  fun,  and  continues  fome  time  after 
he  is  fet,  I  mull  refer  you  to  what  has  been  already 
demonftrated  refpecling  the  horizon  and  the  atmo- 
fphere.  -       * 

Let  the  circle  A  O  B  D  (^plate  XL  Jig.  3.)  reprefent 
the  earth,  and  the  dotted  circle  aob d  the  atmo- 
fphere :  let  a  point  O  be  affumed  on  the  furface  of 
the  earth,  through  which  draw  the  ftraight  lire 
H  O  R  I,  touching  the  earth  at  O,  and  this  line  H I 
will  reprefent  the  horizon,  which  feparates  that  part 
of  the  heavens  which  is  vifible  to  us,  from  that  which 
is  not.  As  foon  as  the  fun  has  reached  this  line,  he 
appears  in  the  horizon,  both  at  rifing  and  fetting, 
and  the  whole  atmofphere  is  then  completely  illu- 
minated. But  let  us  fuppofe  the  fun,  before  his  rif- 
ing,  to  be  ftill  under  the  horizontal  line  at  S  :  from 
which  the  ray  S  T  R,  grazing  the  earth  at  T,  may 
reach  the  point  of  the  atmofphere,  fituated  in  our 
horizon ;  the  opaque  particles  which  are  there  wiil 
already  be  illuminated  by  that  ray,  and  cpnfequently 
have  become  vifible.  Accordingly,  fome  time  be- 
tbre  the  rifing  pf  the  fun,  the  atrpofphcre  b  0^  over 
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our  horizon  begins  to  be  illuminated  at  R,  and  in 
proportion  as  the  fun  approaches  the  horizon,  a 
greater  part  of  it  will  be  illuminated,  till  it  becomes, 
at  length,  completely  lununous, 
,  This  refleftion  leads  me  forward  to  another  phe-  I 
nomcnon  equally  interefdng,  and  very  intimately 
connected  with  it,  namely,  that  the  atmofphere  dif- 
covcrs  to  us  the  body  of  thq  fun  and  of  the  other 
ftars,  fome  time  before  they  get  above  the  horizon, 
and  fome  time  after  they  have  fallen  below  it,  by 
means  of  the  refraction  which  rays  of  light  undergo 
on  pafling  from  the  pure  ether  into  the  gprofler  air, 
wliich  conltitutcs  our  atmofphere ;  of  this  I  proceed 
to  give  you  the  dcmonftration.  •    - 

•I.  Rays  of  light  do  not  continue  tjo  proceed  for- 
ward in  a  ftraight  line  -any  longer  than  they  move 
through  a  tranfparent  medium  of  the  fame  nature. 
As  foon  as  tliey  pafs  from  one  medium,  to  another 
tliey  are  diverted  from  their  rectilinear  direction 
their  path  is  as  it  were  broken^off  j  and  this' is  what 
w^e  call  refraction,  which  I  formerly  explained  at  con- 
iiderable  length,  and  demonftrated  that  rays  on 
pafling  from  air  into  glafs,  and  reciprocally,  are  thus 
broken  or  refracted: 

IL  Now  air  being  a  different  medium  from  ether 
when  a  ray  of  light  paffes  ftom  ether  into  air    it 
muft,  of  neceflity,  undergo  fome  refraction. 

Thus,  the  arch  of  the  circle   AMB   (^plate  XI. 
Jig.  4.)  terminating  our  upper  atmofphere,  if  a  ray 
of  light  M  S,  from  the  ether,  falls  upon  it  at  M     it 
will  not  proceed  ftraight  forward  in  the  fame  direc- 
tion 
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^on  M  N,  but  will  affiime,  on  entering  into  the  air, 
the  direftion  M  R,  fomewhat  different  from  M  Nj 
and  the  angle  N  M  R  is  denominated  tl^e  angle  of 
refraAion,  or,  limply,  the  refradion.' 

III,  I  have  already  remarked,  that  the  refraction 
is  greater  in  proportion  as  the  ray  S  M  fells  more, 
obliquely  on  the  furfece  of  the  atmofphere  j  or  ias  the 
angle  BMS  is  fmaller  or  more  acute.  For  if  the  ray 
§M  falls  perpendicularly  on  the  furfece  of  the  atmo^^^ 
fphere,  that  is,  if  the  angle  B IVI S  is  a  right  angle, 
no  refra6tion  will  take  place,  but  the  ray  will  purfue^ 
it's  progrefs  in  the  feme  flraight  line.  This  rule  is 
univerfally  applicable  to  every  kind  of  refraftionjf 
whatever  may  be  the  nature  of  the  two  media, 
through  which  the  rays  travel. 

IV.  Let  the  arch  of  the  circle  A  O  B  opiate  XI. 
Jig.  5.)  reprefent  the  furface  of  the  earth,  and  the 

arcli  E  M  F  terminate  the  atmofphere.  If  you  draw, 
at  O  the  line  O  M  V,  touching  the  furface  of  the 
earth  at  O,  it  will  be  horizontal.  And  if  the  fun 
is  ftill  under  the  horizon  at  S,  fo  as  to  be  ftiU  invi- 
fible  (for  no  one  of  his  rays  can  yet  reach  us  in  a 
ftraight  line)  the  ray  SM,  bdng  continued  in  a 
flxaight  line,  would  pafs  over  us  to  N  j  but  as  it  fells 
on  the  atmofphere  at  M,  and  in  a  very  oblique  di- 
reftion,  the  angle  FMS  being  very  acute,  it  will 
thence  undergo  a  very  confiderable  refraction ;  and 
inftead  qf  proceeding  forward  to  N,  would  affume. 
the  direction  M  O,  fo  that  the  fun  would  be  aftually 
vifiblq  to  a  perfon  at  O,  though  ftill  confiderably  be- 
low 
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knv  the  horizon  at  S,  or,  which  is  the  fame  thing, 
bdow  the  horizontal  line  O  M  V. 

V.  However,  as  the  ray  M  O,  which  meets  the  eye, 
is  horizontal,  wc  affign  that  dircdion  to  the  fxin  him- 
felf,  and  imagine  him  to  be  aftually  at  V,  that  is,  in 
the  horizon,  though  he  is  ftill  below  it.  And  reci- 
procally, as  often  as  we  fee  the  fun,  or  any  other  ftar 
in  the  horizon,  we  are  affured  they  are  ftill  below  it, 
according  to  the  angle  S  M  V,  which .  aftronomers 
have  obferved  to  be  about  half  a  degree,  or,  more 
cxaAly,  32  minutes. 

VL  In  the  morning,  then,  we  fee  the  £un  before 
he  has  reached  our  horizon,  that  is,  while  he  is  yet 
an  angle  of  32  minutes  below  it ;  and  in  the  event- 
ing a  confiderable  time  after  he  i?  really  fct,  as  we 
fee  him  till  he  has  defcended  an  angle  of  32  minutes. 
We  call  that  the  true  rifing  and  fetting  of  the  fun, 
when  he  is  aftually  in  the  horizon  ;  and  the  com- 
mencement of  his  appearance  in  the  morning,  and 
difappearing  at  night,  we  denominate  the  apparent 
rifing  and  fetting. 

VII.  This  refraftion  of  the  atmofphere,  which  ren- 
ders the  apparent  rifing  and  fetting  of  the  fun  both 
earlier  and  later  than  the  real,  procures  for  us  the 
benefit  of  a  much  longer  day  than  we  fhould  enioy 
did  not  the  atmofphere  produce  this  effect.  Such  is 
the  explanation  of  a  very  important  phenomenon  in 
nature. 

1.8/i  May,  1762. 
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LET^rER    CXIX. 


The  Stars  appear  at  a  greater  Elevation  than  they 
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YOU  have  now,  no  doubt,  a  clear  idea  of  this 
Angular  efFeft  of  our  atmofphere,  by  which  the 
fun  and  the  other  heavenly  bodies  are  rendered  vi- 
fible  in  the  horizon,  though  confi^rably  below  it, 
whereas  they  would  be  invifible  but  for  the  refrac- 
tion. For  the  fame  reafon,  the  fun,  and  all  the  hea- 
venly bodies,  always  appear  at  a  greater  elevation 
above  the  horizon  than  they  really  are.  It  is  necet 
fary,  therefore,  carefully  to  diftinguilh  the  apparent 
elevation  of  a  ftar,  from  what  it  would  be  were  there 
no  atmofphere.  I  fhall  endeavour  to  fet  this  in  the 
cleareft  light  poffible. 

I.  Let  the  arch  A  O  B  (plate  XL  fg.  6.)  be  part 
of  the  furface  of  the  earth,  and  O  the  fpot  where 
we  are,  through  which  draw  the  ftraight  line  HOR, 
touching  the  furface,  and  this  line  HOR  will  reprc- 
fent  the  true  horizon.  From  O  left  there  be  drawn 
perpendicularly  the  ftraight  line  O  Z,  which  is  the 
fame  thing  as  fufpending  a  given  weight  by  a  cord. 
This  line  is  faid  to  be  vertical,  and  the  point  Z  of  the 
heavens,  in  which  it  terminates,  is  called  the  zenith. 
This  line  O  Z,  then,  is  perpendicular  to  the  hori- 
zontal  H  O  R,-  fo  that  one  being  known,  the  other 
muft  be  known  likewife. 

JI.   This  being  laid  down,  let  {plate  XL  fig.  7.) 

there 
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there  be  a  ftar  at  S  :  were  there  no  atniofphere,  the 
ray  S  M  O  would  proceed  in  a  ftraight  line  to  the 
eye  at  0,  and  wc  fliould  fee  it  in  the  fame  direction 
OMS,  w  here  it  would  actually  be,  that  is,  we  ihould 
fee  it  in  it's  true  place.     Let  us,  then,  meafure  the 
angle  S  O  R,  formed  by  the  ray  S  O  with  tfie  hori- 
zon O  R,  and  this  angle  is  named  the  height  of  the 
ftar,  or  it's  elevation  above  the  horizon.     We  mea- 
fure alio  the  angle  S  O  Z,  formed  by  the  ray  S  O 
with  the  vertical  line  O  Z  terminating  in  the  zenith : 
and  as  the  angle  Z  O  R  is  a  right  angle,  or  90  de- 
grees, wc  have  only  to  fubtract  the  angle  S  O  Z  from 
90  degrees,  to  have  the  angle  S  O  R,  which  gives 
the  true  elevation  of  the  ftar. 

III.  But  let  us  now  attend  to  the  atmcriphere, 
which  I  fuppofe  terminated  by  the  arch  HDNMRj 
and,  I  remark,  firft,  that  the  preceding  ray  S  M  of 
the  ftar  S,  on  entering  into  M  in  the  atinoi5)herc, 
does  not  proceed  direcHy  forward  to  the  eye  at  O, 
but,  from  the  refracliori,  will  affume  another  direc* 
tion  as  M  P,  and  confequcntly  will  not  meet  the  eye 
at  O :  fo  that  if  this  ftar  fent  down  to  the  earth  only 
that  ray  S  M,  ^p  a  perfon  at  O  it  would  be  abfo- 
lutely  invifible.  But  it  muft  be  confidered,  that 
every  luminous  point  emits  it's  rays  in  all  dircftions 
and  that  all  fpace  is  filled  with  them. 

IV.  There  will  be,  then,  among  others,  fome  ray, ' 
as  S  N,  which  is  broken  or  refrafted,  on  entering 
the  atmofphere  at  N :  fo  that  it's  continuation  N  O 
iliall  pafs  precifely  to  an  eye  at  O.     The  refradled 
ray  N  O  is  not,  therefore,  in  a  ftraight  line  with  the 

ray 
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ray  S  M ;  and  if  N  O  be  produced  forward  to  j,  the 
continuation  N  s  will  form  an  angle  with  the  ray  NS, 
namely,  the  angle  S  N  x,  which  is  what  we  call  the 
refraftion,  and  which  is  greater  in  proportion  as  the 
angle  S  N  R,  under  which  the  ray  S  N  enters  inta 
the  atmofphere,  is  more  acute,  ^s  was  demonfirated 
m  the  preceding  Letter. 

V.  It  is  the  ray  NO,  confequently,  which  paintg 
in  the  eye  the  image  of  tlie  ftar  S^  and  which  renders 
it  vifible :  and  as  this  ray  comes  in  the  direction  KO, 
as  if  the  ftar  were  in  it,  we  imagine  the  ftar  Ukewife 
to  be  fituated  in  the  direction  N  O,  or  in  that  fine 
continued,'  fomewhere  at  s.  This  point  /  bdng  dif- 
ferent from  the  real  place  of  the  ftar  S,  we  call  /  the 
apparent  place  of  the  ftar,  which  muft  be  carefully 
diftinguiflied  from  it*s  place  S,  where  the  ftar  would 
be  feen,  were  there  no  atmofphere. 

VI.  Since,  then,  the  ftar  is  feen  by  the  ray  NO, 
the  angle  NOR,  which  this  ray  N  O  makes  with 
the  horizon,  is  the  apparent  altitude  of  the  ftar ;  and 
when,  by  a  proper  inftrument,  we  meafure  the  angle 
N  O  R,  we  are  hid  to  have  found  the  apparent  alti- 
tude of  the  ftar ;  the  real  altitude  being,  as  we  have 
fliewed,  the  angle  R  O  S. 

VIL  Hence  it  is  evident,  that  the  ap(jparent  alti- 
tude  RON,  is  greater  than  the  real  altitude  ROM, 
fo  that  the  flars  appear  to  us  at  a  greater  elevation 
^bove  the  horizon  than  they  really  are,  for  the  fame 
feafon  they  appear  already  in  the  horizon  while  they 
Jire  ftill  below  it.  Now  the  excefs  of  the  apparent 
altitude  above  the  true,  is  the  angle  MON,  which 

d^ers 
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difiers  .not  from  the  S  N  /,  and  which  we  tall  the 
refraction.  For,  though  the  angle  S  N  j,  as  being 
the  external  angle  to  the  trian^  S  N  O,  b  equal  to 
the  two  internal  and  oppofite  angles  taken. together, 
namely,  SON  and  N  S  O,  we  may  confider,  on  ac- 
count of  the  immenfe  diftance  of  the  fiars,  the  lines 
O  S  and  N  S  as  parallel,  and,  confequently,  the  angle 
O  S  N  vaniflies ;  fo  that  the  angle  S  O  N  is  nearly 
equal  to  the  angle  of  rcfradUon  S  N  ^. 

Vin.  Having  found,  then,  the  apparent  altitude 
of  a  ftar,  you  muft  fubtraft  from  it  the  refraction,  in 
order  to  have  the  real  altitude,  which  there  is  no 
other  method  of  difcovering.  For  this  purpofe, 
aftronomers  have  been  at  much  pains  to  afcertain  the 
refraftion  to  be  fubtrafted  from  each  apparent  alti- 
tude, that  is,  to  determine  how  much  muft  be  abated 
in  order  to  reduce  the  apparent  to  the  real  altitude. 

IX.  From  a  long  feries  of  obfervations,  they  have 
been,  at  length,  enabled  to  cbnftruft  a  table,  called 
the  table  of  refraftion,inwhich  is  marked  for  every 
apparent  altitude,  the  refradion,  or  angle  to  be  fub- 
tracled.  Thus,  when  the  apparent  altitude  is  no- 
thing, that  is,  when  the  ftar  appears  in  the  horizon, 
the  refradion  is  32  minutes,  the  ftar  is,  accordingly, 
an  angle  of  aftually  32  minutes  below  the  horizon. 
But  if  the  ftar  has  acquired  any  degree  of  elevation, 
be  it  ever  fo  inconfiderable,  the  refraftion  becomes 
much  lefs.  At  the  altitude  of  15  degrees  it  is  no 
more  than  four  minutes ;  at  the  altitude  of  40  de^ 
grees  it  is  only  one  minute ;  and  as  the  altitude  en- 
creafes,  the  refraftion  always  becomes  lefs,  till,  at 

length 
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length,  It  entirely  difappears,  at  the  altitude  of  90 
degrees* 

X.  This  is  the  cafe  when  a  ftar  is  feen  in  the  very- 
zenith  ;  for  it's  elevation  is  then  90  degrees,  and  the 
real  and  apparent  altitude  is  the  fame :  and  we  are 
fully  affured  that  a  ftar  feen  in  the  zenith  is  adtually 
there,  and  that  the  refradipn  of  the  atmofphere  does 
hot  change  it's  place,  as  at  every  other  degree  of 
altitude. 


THE   END. 
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FOREIGN  AND  SCIENTIFIC  TERMS. 


A. 

A  BERRATION,  in  Aftronbmy  a  flight  deviation  of  a  Star 
•*•  -^  from  the  ibited  courfe.     Latin. 

Absorption,  the  a6t  of  fucking  or  fwallowing  up.     Latin. 

Abstraction^  in  Philofophy,  that  operation  of  the  mind,  which 
purfues  a  general  idea,  without  attending  to  the  particulars 
of  which  it  is  made  up.  Thus,  Man,  TreCf  are  ahfiradl 
ideas,  and  may  be  purfued,  without  defcending  to  any  one 
individual  perfon  or  plant,  included  in  the  general  term. 
Accordingly,  all  qualities,  fuch  as  tohitenqfs^  cruelty^  g^ne* 
rojity^  are  ahjira€t  ideas.     Latin. 

Accord,  in  Mufic,  the  fame  with  concord ^  the  relation  of  two 
founds  which  are  always  agreeable  to  the  ear,  whether 
emitted  at  once  or  in  fucceilion.    Latin. 

AcHROMATic-Glafles,  in  Optics,  are  a  recent  improvement  of  the 
Tclefcope,  by  which  the  inconveniency  arifing  from  the 
confufed  tranfmiilion  of  different  coloured  rays  is  pre* 
vented.     The  word  is  of  Greek  extra^on,  and  £gnifiet 

cohurlefsn 

Aeriform,  Latin,  having  the  form  or  con£ftency  of  Air. 

Aerostation,  the  art  of  afcending  into  the  Atmofphere  by  means 
of  a  Balloon  filled  with  inflammable  Air.    Latin. 

Vdi,.  IL  I  i  Affiriaativj;, 
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ArFiRMATivr-propoiition,  in  Logic,  a  propofition  which  aflerti 
or  ailirrns ;  as  Man  it  niortaL     Latin. 

Air-pump,  a  machine  for  making  experitncntg  on  air,  chieflj  by 
exIiaufling^eK)fe  vclTels  of  that  fluid. 

Alaebra,  an  Arabic  word;  it  is  the  Science  of  univerfal  Arith- 
metic ;  the  general  procels  of  which  is,  by  comparino'  fup- 
pofed  and  unknown  numbers  or  quantities,  with  fuch  as 
are  known,  to  reduce  fuppoiition  into  certainty. 

A  IK  ALT,  an  Egyptian  "word  ;  in  Cfaemiftiy,  any  faMbmce  which, 
when  blended  with  an  acid,  excites  fermentation. 

Altiti  D£,  in  Ailronoo^,  the  height  of  a  Star  above  the  Hori- 
zon.    Latin. 

Amalgamate,  to  incorporate  mercury,  or  qoickfilver,  with 
other  raetals ;  (bmetimes  ufed.  to  denote*  in  general^  the 
mixture  and  confolidation  of  feveral  fubftances,  fo  ist« 
make  them  aj)pear  one.     Greek. 

Analagous,  having  refemblance  or  agreement.     Greek. 

Analysis,  refolution  into  firfl  principles,  whether  in  CTammar, 
logic,  mathematics,  or  chemiilry.  Tb  give  an  inltana) 
in  Grammar,  which  is  perhaps  the  nvoft  familiar  to  2 
young  perfon's  mind,  an  anah/Jis  of  this  ientence  •  In  the 
bt'ghiiWiQ  God  created  the  Heavens  and  the  Earthy  is  to  indi- 
cate the  various  parts  of  fpeech  of  which  it  is  compoled, 
and  the  grammatical  rules  according  to  which  thev  are  ar- 
ranged. The  child  may  innocently  amufe  himfelf  with 
the  idea  of  a  Chemical  analt^fi^^  by  a  fcientific  procefs  ap- 
plied to  a  bowl  of  the  vulgar  liquor  called  punch.  To 
analyze  it,  is  to  afcertain,  by  feiJaratton,  the  proportion 
of  fugar,  lemon-juice,  fpirit,  and  water^  of  ^which  it  is 
compofed.     Greek. 

An  ATiiEMA,  and  it*s  compounds ;  fomething  fet  apart  to  a  facred 
ufe  ;  generally  underilood  in  an  ungracious  lenfe  •  devoted 
to  de(lru6tion,  accurfed.     Greek. 

Ahat-omy,  th^  fcience  of  the  ftruftare  of  the  bodj^  and  theart 
of  dilTe^ting  and  reaf:>ning-uponrit«    Greeks 
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AMGL£y  the  meeting  of  two  lines  in  a  point,  but  fo  as  not  to  form 
of  both  one  ftraight  line.     Latin. 

Anticedekt,  in  Logic,  the  former  of  two  proportions,  in  % 
fpecies  of  reafoning,  which,  without  the  intervention  of 
any  middle  proportion,  leads  dir&flly  to  a  fair  conclufion ; 
and  this  concluron  is  termed  the  Confeguent.  Thus  /  tfi^ 
j{^6t ;  therefore  I  exift,  I  reflet  is  the  Antecedents  therefore 
I  exift  is  the  Con/eguent.     Latin. 

Antipodes,  the  Inhabitants  of  the  Globe  diametrically  oppoike 
to  U8,  and  whofe  feet  prefent  exadily  to  our  feet.     Greek. 

Aperture,  opening.    Latin. 

Approximation,  a  coming  nearer  to.  In  Aflronomy,  the  gra- 
dual approach  of  two  liars  toward  each  other  :  in  Arith- 
metic, a  nearer  approach  to  a  number  or  root  fought,  with- 
out the  poffibility  of  arriving  at  it  exa<^y.     Latin. 

Aqueduct,  what  conveys,  or  conduit  water ;  a  pipei  a  canal. 
Latin. 

Aqueous,  watery,  confiding  of  water*    Latin. 

Arithmetic,  the  fcience  of  numbers.     Greek. 

Astronomy,  thefcience*of  the  heavenly  bodies.     Greek* 

Astrology,  the  pretended  fcience  of  predicting  future  events  by 
means  of  the  (lars.     Greek. 

Atmosphere,  the  body  of  air  which  furrounds  the  globeon  all 
fides.     Greek. 

Axis,  in  Geography,  an  imaginary  ftraight  line  pafling  through 
the  centre  of  the  Earth  from  pole  to  pole,  round  which 
the  Globe  revolves  once  every  twenty-four  hours.     Latin. 


B. 


Barometer,  an  indrument  of  glafs  filled  with  quickfilver,  which 
indicates  the  preflure  of  the  air,  and  which  is  in  general 
ufe,  as  an  Index  of  the  weather.     The  word  is  Greek,  and 

Bgnifies  xMgki^meqfio'er* 

1  i  Z  BxsECXy 
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BisKci'i  to  cut  into  two  equal  parts.     Latin. 

BiTi;MiNr)L's,  like  to,  or  confiHing  of  hitumm^  a  fiit,  clammjr, 
eafily  inflammable  juice,  dug  out  of  the  earth,  or  fcummed 
off  lakes.  Amber,  pit- coal,  and  fulphur,  arc  hard  bUu" 
mnit,     Latin. 

Bomb,  a  hollow  cad-iron  globe,  to  be  thrown  from  a  fpeciesof 
great  gun  called  "  moWar,**  and  intended  to  burll  by  the 
force  of  gun-powder,  at  the  moment  of  falling,  and  (0 
fcatter  deilruduon  all  around.  It  is  in  this  Work  inno- 
cently  employed  to  explain  the  path  of  all  bodies  forcibly 
thrown  through  the  air,  and  the  effe^  of  gravity  in  brii^« 
ing  all  heavy  moving  bodies  down  to  the  ground.    Latin. 

Bo  r  ANY,  the  fcience  of  Plants ;  or  that  part  of  natural  and  me- 
dicinal hiRory  which  has  the  vegetable  world  for  it*s  ob- 
ject,    (ireck. 


C. 


Camera  OBscuRA,.an  apartment  darkened,  all  but  a  fmall  cir- 
cular opening,  to  which  a  double-convex  glafs  is  fitted, 
dnd  by  which  external  objeds  are  reprefented  in  their  na- 
tural colours,  motions,  and  proportions,  on  a  ivhite  table 
y/ithin  the  apartment.     Latin. 

Cataract,  a  body  of  water  precipitated  from  a  great  height. 
Greek. 

Catopt&icks,  that  branch  of  the  fcience  of  viiion  'which  relata 

to  refleded   light.      All   bodies  which  you   do  not   fee 

through^  but  which  from  their  polifh  and   brightncfs  thrve 

-   htirk  the  lij^ht,  belong  to  catoptrich^  fuch  as  mirrors  of  everf 

kind.     The  word  is  Greek,  and  iignifies  backward  vifion. 

CavitYi  a  hollow.     Latin. 

Causa-sufficiens,  7f/^/c7e«/  or  /atirfj/ing  cav/e  or  rcqfim^  a  jargon 
employed  by  certain  Metaphyiicians  of  the  laft  age,  who 
atttmpteil  to  check  all  rational,  experimental  enquiry  by 
calling  continually  for  the  cavfafufidem^  the  adequate  cmi/e 

of 
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pr every  hSt  that  occurred,  and  of  every  obfcrvation  that 
was  made;  while  they  were  bewildering  themfelves,  and 
attempting  to  bewilder  mankind,  in  a  philofophic  maa^e, 
ufelefe,  reafonlefs,  and  therefore  unfatisfadory. 

CenteE)  a  poiot  within  a  circle  or  fphere,  equally  diftant  from 
every  point  of  the  furface  or  circumference.     I,.atin. 

Chart,  a  delineation  on  paper  of  part  of  the  lahd  or  of  the  fea, 
or  both.     Latin. 

Chemistry,  or  Chym.istry,  a  word  of  uncertain  derivation  ; 
the  fcicnce  of  feparating  compound  folid  bodies,  or  of 
compoimding  fimple  bodies  into  one  mafs,  by  the  force  of 
fire. 

Chimera,  a  vain  and  wild  imagination*     Latin. 

CHORAL-muiic,  a  facred  band  compofed  of  voices  and  inQru- 
ments.     Latin. 

Chromatic  ;  in  Opticks,  relating  to  colopr  ;  iii  Muiip,  to  a  cer- 
tain feries  of  founds.     Gree)(. 

Circle,  a  round  figure,  having  this  eflential  property,  that  every 
point  of  it's  furroundiQg  line,  called  the  circumference, 
ihall  be  equally  diftant  from  it's  miiddle  point,  called  the 
centre.     Latin. 

CiRCUMAMBiEirr»  cncompalling  round  and  round  :  applied  par 
ticularly  to  air  and  water.     Latin. 

Circumference^  the  furrounding  line  of  a  circle,  every  point  of 
which  mud  have  an  equal  diflance  from  it's  middle  point 
or  centre.     Latin. 

Cohesion^  clinging  or  iticking  together.     Latin. 

Collision,  the  clafhing of  one  folid  body  againil  another.  Latin^ 

Comet,  a  flar  with  a  fier}''  train,  like  flowing  hair,  averted  f^m 
the  fun ;  of  uncertain  appearance  and  re-f appearance,  but 
undoubtedly  forming  part  of  our  folar  fyftem.     Greek. 

Complex,  made  up  of  various  qualities  or  ingredients.  A  beau- 
tiful, wife  and  good  woman,  is  a  complex  idea,  containing 
three  diflinft  ideas,  beauty,  wifdom,  goodnefs ;  you  might 

I  i  3  '  render 
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render  it  ftill  more  complex  by  the  adciitmi  of  kigb-born» 

rich,    religtoof but  I   muft  not   nudic  my  .kka  too 

,     complex* 

CoMPRtssioK»  the  aA  of  reducing  to  ft  fmaller  (pace  by  prefliiit. 

CoNCATE,  the  hollowed  furface  of  a  globular  body.     JLatin. 

Concussion,  mutual  (hock,  by  violent  meeting  of  two  folid 
bodies.     Latin. 

Condensation,  the  ad  of  contrading  air  into  a  fnaaller  fpace, 
and  thereby  incieaiing  it's  ehftic  forcr,  that  is,  k*«  power 
of  burning  out.     Latin. 

Congelation,  the  redu<fllon  of  a  fluid  to  a  folid  fubilance,  as 
water  to  ice  by  cold.     Latin. 

CoKCENTHic  Circles,  one  within  another,  haviqg  a  common 
centVe.     Latin. 

Conical,  having  the  form  of  a  cone,  which  is  a  figure  produced. 
by  turning  round  a  rght-anglcd  triangle  about  it's  perpen- 
dicular £de;  a  common  candle  extinguifher  conveys  the 
idea  of  It.     Greek. 

COMflQVENT.  Take  the  trouble  to  look  to  the  word  Antecedent, 
They  are  what  is  called  correlative^  in  other  "words  the  one 
cannot  be  underftood  but  by  referring  to  the  other. 

Consonance,  in  Muiic,  the  agreement  of  two  fcnuids  emitted  ^ 
the  fame  time.     Latin. 

Constituent,  contributing  to  make  up  or  compofe*  Thas  the 
conftituent  parts  of  gun-powder  arc  faltpctre,  fuiphur, 
and  charcoal.     Latin. 

Continuity,  uninterrupted  conned;ion  ;  the  uimpiaixd  xmion  of 
the  parts  of  an  animal  body.     Latin* 

Cqntexture,  an  interweaving.     Latin* 

Contour,  the  extreme  bounding  line  of  any  objeta.  Children 
delineate  the  co)itaurs  of  each  other's  faces  by  tracnng  with 
a  pencil,  the  line  defcribed  on  the  w^ll,  "v^hcn  the  face  is 
placed  between  a  light  and  the  wall.  Jt  is  a  french 
yrord. 

Gonvkroent, 


Convergent,  gradually  approaching  to  each  other.  Placed  at 
the  extremity  of  an  avenue  of  two  rows  of  trees,  planted 
in  ftraight  lines,  equally  didant  throughout,  you  perceive 
them  apparently  approaching,  and  at  leq^h  almofl  meet* 
ing ;  they  are  apparently  convergent. 

Convex,  the  prominent  or  fwelling  furface  of  a  globular  body. 
Latin. 

CoENEA,  the  white,  horny  membr^ine  of  the  eye.     Latin.  r 

CoRPO&EALg  belonging  to  body.    Latin. 

Co.RPUs  Callosum,  in  Metaphyiics  and  Anatomy,  the  part  of 
the  human  brain  where  the  foul  is  fuppofed  to  refide. 
L»atin>  but  of  ludicrous  derivation. 

Corpuscle,  a  fmall  or  minute  body.    Latin. 

.-Couching,  an  operation  in  Surgery,  by  wbiob  a  film  obftruding 
fight  is  by  a  needle  or  lancet  removed  from  the  aqueous 
humours  of  the  eye ;  the  word  ijs  of  French  extraAion. 
Tfa£  film  removed  is  denominated  catara^. 

Crucible,  an  earthen  pot  which  c^n  (land  fir^,  en}ploye4  in 
melting  and  refining  metals^    Low  Latin, 

Crystal LiNEj  the  lucid,  variousKH>loured  humour  of  the  eye, 
which  forms  a  beautiful  circle,  inclofed  by  the  cornea,  and 
inclofing  the  pupil^  or  central  fpot  of  that  precious  organ. 
Greek. 

YCBE,  and  it*s  compounds  ;  a  figure  fquare  and  rectangular  in  all 
it's  dimenfions  and  fituations.  A  common  die  conveys 
the  idea  of  it.  A  cubical  room  of  twenty  feet,  is  a  room 
twenty  feet  long»  twenty  licet  broad,  and  twenty  feet  high, 
and  all  in  firaight  lines,  and  at  right  angles.     Greek. 

Curve,  a  bending  line.     Latin. 

Cylinder,  a  figure  formed  by  turning  a  parallelogram  round  one 
of  it's  fides  as  an  axis.  The  barrel  of  a  fa||nd-organ  is  a 
cylinder.  The  word  it  d^erivcd  from  a  Greek  verb,  which 
fignifies  to  lahtel  round. 


114  Decompose, 
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Decompose^  to  fcparate  things  conpoanded  :  thoty  In  printing, 
to  co^'pofe  18  to  arrange  the  types  in  a  frame,  in  the  order 
of  words  and  (entenoes  ;  and  to  deemHpi^  is  to  take  the 
frame  to  pieces.    Latin. 

Deoker,  in  Geography,  the  three  hundredth  and  fiztieth  part  of 
the  circumftreiicis  of  the  globe :  it  contains  aboat  6^  £&(- 
liih  miles.     French. 

Dehsitt*  thicknefs.     Latin. 

Dephlogxstic,  deprived  of  fiery  inflammable  qualities.    Greek. 

Detonation,  the  thunder-like  noife  produced  by  firing  off  heavy 
artillery.     Latin. 

l^AORAM,  a  figure  delineated  for  the  purpofe  of  mathematical 
demonftration.     Greek. 

Diameter,  a  ftraight  line  dravirn  through  the  centre  of  a  circle  or 
globe,  from  circumference  to  circumference.      Greek. 

DiAPUONOUs  body,  that  which  eafily  tranfmits  the  light,  as  glals. 

Greek. 

Diaphragm*  in  optic4  indruments,  a  circular  piece  of  pafte- 
board,  or  other  non-tranfparent  fubftance,  applied  to  the 
objed-glafs,  to  exclude  part  of  the  rays  of  light.     Greek, 

Diatonic,  an  epithet  given  to  the  common  mulic,  as  it  proceeds 
by  tones,  both  afcending  and  defcending.     Greek* 

Dilate,  to  expand,  to  fpread  over  greater  fpace.     l^tin. 

Dimension,  meafure.    Latin. 

Dioptricks,  that  branch  of  the  fdence  of  vifion  which  relates  to 
the  tranfmiffion  of  the  rays  of  light  ihrougA  tranfparent  Ihk 
dies.    Greek. 

Dissonance,  in  muiic,  founds  that  do  not  harmonize,  but  are 
harfh  and  difagreeable  to  the  ear^    Latin. 

Distract^oKi  tendency  in  different  dire&ions.    Latin. 

Divergent, 
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I>ivxRGiNT>  ftraight  lines,  gradually  removing  farther  and  farther 
from  each  other.     See  Convergent.     Latin. 

Diving-bell,  a  machine  of  wood,  glafs,  or  metal,  in  form  of  a 
belly  for  the  purpofe  of  condu^ng  down  into  the  water, 
with  fa&ty,  perfons  employed  in  certain  kinds  of  iiihery, 
and  in  recovering  goods  loil  by  ibipwreck. 

Divisibility,  capability  of  being  divided.    Latin. 

DouBL£-coNCA.V£,  an  optical  glafs  which  has  both  furfaces  hol- 
lowed. 

DauBLE-coNVEx,  an  optical  glafs  whi^h  has  both  furfaces  raifed. 

Ducat,  a  ducai  coin  of  gold,  current  on  the  continent,  value 
about  nine  ihiUings  and  fixpence. 

PpcTiL^,  pliant,  eafily  dravm  or  fpread  out.    Latin^ 


E. 


Effulgence,  luftre,  brightnefs.    Latin. 

Elasticity,  a  power  in  bodies  of  recovering  their  former  fitna- 
tion,  as  foon  as  the  force  is  removed,  which  had  changed 
it.  Thus,  the  extremities  of  a  bow  are  brought  nearer  by 
drawing  the  ilring,  but  when  the  firing  is  relaxed,  the 
bow,  by  it's  elafiicity^  19  reflored  to  it*s  natural  Hate.  It 
is  a  property  of  air,  as  well  as  of  folid  bodies.    Greek. 

Electricity,  the  difpoiition  which  certain  bodies  have  of  aq** 
quiring,  by  rubbing,  the  quality  of  attradting  other  bodies, 
and  of  eni'itting  fparks  of  fire.  It  is  derived  from  a  Latin 
word  fignifying  amh^r^  which  is  one  of  the  fubfianpes  en<f 
dowed  with  the  eledlrical  virtue. 

Elicite,  to  flrike  out  by  force.  Thus  by  a  iharp  ftrojce  of  the 
fleel  on  flint,  fire  is  elicited,     Latin. 

£f.OQiUM,  or  EuLOGiUM,  an  oration  in  praife  of  one  abfent  or 
dead,    Greek. 

Elucidation, 
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F^LVCxvktiov^  tke  ad  of  cspiaiomg  or  renderiiig  dearer.    Litii. 

ElMANATioNy  an  iffuing  or  flowing  from  any  fabftanoe  as  a 
fouroe.     Latin. 

£mi:rsion»  in  Aftronomy,  the  re-appearanoe  of  a  Ihir,  after 
having  been  obfcured  by  it's  approadh  to  the  Sun,  or  by 
the  intervention  of  another  ftar  intercepting  the  Sun's 
light.     ILatin. 

£mibsiok»  the  ad  of  fendiiig  out,  or  giving  vent.     I^atin. 

Emcyclopedia,  the  whole  circle  of  fdence:  an  univerfal  fdcn- 
tific  LXdionary,  deftined  to  the  inHrudion  of  the  youfig 
and  ignorant.     Greek. 

Epicurean,  belonging  to  the  doftrine or  pkiMbplij  oi  Epicurus; 
according  to  which  man's  duty  and  happiaefs  are  made  to 
coniift  in  fenfual  indulgence,  it  is  accordingly  become  de- 
fer ptivc  of  refined  lux4iry. 

EqUATOR,  ail  imaginary  great  circle,  equally  diftant  from  both 
Poles,  furrounding  the  Globe  from  Eail  to  Weft,  and  di- 
viding it  into  the  Northern  and  Southern  Hemifphere. 
On  it  are  marked  the  degrees  of  Longitude,  from  x  to 
360.    It  is  by  way  of  diiiindion  called^  Line,     Latin. 

E9V I  DISTANT,  at  equal  diflanoes.     Latin. 

EquiMBRiUM^a  Latin  word,  Signifying  cxaAncft  of  balance  or 

counter-poife.     The  Latin  ablative  with  the  preposition  is         I 
adopted  into  our  language,  in  equilihrioy  to  expnels  perfed- 
nefs  of  equality  in  oppofed  weights. 

EqiTiNox.  The  equalization  of  day  and  night,  which  takes  place 
twice  every  year  about  the  middle  of  the  months  of  March 
and  of  September,  when  the  Sun,  in  his  alternate  progrefs 
from  North  to  South,  and  from  South  to  North,  pa^Tes 
idireftly  over  the  Equator,  which  is  likev«rife,  for  this 
very  reafon,  frequently  denominated  the  Equino^iai  Line. 
Latin. 

Era,  an  important  event  or  period  of  time,  from  which,  as  a  be- 
ginning, computation  of  time  is  made.    Latin. 

E-R^UDITION, 
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EnuBiTzoK^  eztcnfite  and  profoand  learning.    Latin. 

Ether,  the  moil  fubtile  and  pure  of  all  iiuids.     Greek. 

Evaporation,  the  aft  of  flying  off  by  tke  force  of  heat  in  fumes 
or  vapor*     Latin» 

Exhalation*  a  word  of  the  fame  in^port  with  the  former ;  tvapo* 
ration  may  be  confidered  as  ^e  canfe,  and  exhalation  as  the 
tffc€t.    Latin. 

Ei^PANsiBiLiTT,  capability  of  being  fpread  out,  and  of  covering 
a  larger  furface.     Latin. 

Experiment,  a  pradical  trial  made  to  afcertaia  any  natural  faA. 
Latin. 

Extension,  (pace  over  which  matter  is  diffufed ;  fize,  magni* 

tude.     Latin. 
Extraneous,  not  belonging  to.     Latin. 

F. 

Fathom,  a  meafure  of  leagth  contuntng  fix  fieet.    Saxon* 

j^iBRE,  a  fmall  thread;  in  Anatomy,  fibres  are  l^ng,  ilender, 
whitiih  filaments,  varioufly  interwoven,  which  form  thfc 
folid  parts  of  an  animal  body.    Latin* 

Fifth,  in  Muiic,  one  of  the  harmonic  intervals  or  conoords,  and 
the  third  in  refpeft  of  harmony^  or  agfA^blenefs  to  the 
car:  it  is  thus  called  becauie  it  contains ^ce  terms,  or 
founds,  between  it's  extremes.     See  Yol.  L  Letter  VII. 

Filament,  the  fame  with ^^re,    Latin. 

Fluid,  confiding  of  parts  eafily  cooipreflible  and  fcparable,  as 
melted  metals,  water,  air.    Latin. 

Flux,  in  Geography,  the  riiingof  the  tide,    Latin. 

^ocus,  in  Optics,  the  litde  prcle  in  which  rays  of  light  arc  col- 
leded,  cither  after  paffing  through  a  |^afs,  or  on  being 
thrown  back  from  it,  and  where  they  txeit  their  greateft 
powfMT  of  burning,    Latins 

FORMULB^ 
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FoftMULE,  a  fa  or  prefcribed  ftondard :  a  fcheme  for  (blring  ma- 
theiQAtical  and  algebraical  queftioni.     Latin* 

FoET£,  lA  MttfiCy  forciblj,  in  oppofition  to  piano^  foftlj.     Latin. 

Fourth,  in  Nfufic,  one  of  the  harmonic  intenrala,  and  the  fourth 
in  refpea  of  agreeablencTs  to  the  ear.  It  confifts  of  two 
founds  blended,  in  the  proportion  of  4  to  3  ;  that  is,  of 
founds  produced  by  chords,  whofe  lengths  are  in  the  pro* 
portion  of  4  to  3.     Sec  Vol.  I.  Letters  VL  and  VII. 

Friction,  the  adi  of  rubbing  one  folid  body  againil  another. 
Latin. 

Fusible,  that  may  be  eafily  melted.     Latin. 


G. 

Gamut,  the  fcale  of  muiical  notes.    Italian. 

Genus,  kind,  general  dafs  containing  fevcHil  fpecies,  which 
again  contains  many  individuals.  Thus,  Do^  is  the  gemus' 
Greyhound  is  thtjpeciet;,  and  iigkt^faot  the  individual.  The 
Latin  plural  genera  is  in  ufe. 

GfiooaAPHY,  a  dcfcription  of  the  Globe.     Greek. 

GtoMETRY,  the  fciencc  of  quantity,  magnitude  or  cxtenfion  ab- 
flra^y  confidered.     Greek. 

Glaucous,  axure-colourcd.     Greek. 

Globu^Ej  fmall  globe;  little  particles  efa  fpherical  form.  Latin. 

Gradation,  regular  progrefs  from  one  ftep  to  another.      Latin. 

Gravity,  weight;  in  the  fyftcm  of  the  Uniyerfe,  that  principle 

\x\  all  bodies  which  prcflps  them  down  to,  or  attra<5ls  them 

toward,  their  centre.     Latin. 

Groove,  a  channel  cutout  in  a  hard  body  with  a  tool,  fitted  to 
anothdr  body  which  is  deiigned  to  move  in  it. 


Harmony, 
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H. 

Harmony,  in  Muiic,  a  combination  of  founds  pcifeaiy  adapted 
to  each  other,  fo  as  to  produce  a  plealing  efledl  on  the  ear* 
Greek. 

Hemisphere,  one  half  of  a  Globe,     Greek. 

Heterogeneous,  made  up  of  diffimilar  or  difcordant  parts ;  it  is 
the  oppoiite  of  homogeneous^  which  iignified,  made  up  of 
things  iimilar.     Greek. 

Horizon,  the  line  which  terminates  the  view.  In  Geography, 
an  imaginary  circle  encompaffing  the  Globe,  and  dividing 

'  it  into  the  upper  and  under  Hemifpheres.     To  a  perfon 

placed  at  either  of  the  Poles,  the  Equator  would  be  the 
real  Horhon,  The  fenfible  Horizon  is  the  circle  vifibly  fur- 
rounding  us,  where  the  fky  and  the  earth  meet.     Greek. 

Humidity,  moifture.     Latin. 

Hydrography,  adcfcription  of  that  part  of  our  Globe  which 
confifts  of  water. 

Hypothesis,  a  propoiition  or  do(5trine  fuppofed  to  be  true,  but 
not  yet  confirmed  by  irreiiftible  argument  or  fatisfying  ex- 
periment.    Greek. 

I. 

Idealist,  a  kind  of  Philofppher  whe  denies  the  exigence  of 
matter,  and  reduces  every  thing  to  idea  or  mental  image. 
Greek. 

Illimitable,  what  admits  of  no  bound.     Latin. 

Illumination,  the  adt  of  diffufing  light.     Latin. 

Illusion,  what  deceives  by  a  falfe  appearance.     Latin. 

Ill  MATERIAL,  in  Philofopliy,  not  conlifting  of  body  or  matter. 
Latin. 

Imm]^rsion,  in  Aftronomy,  the  difappearance  of  a  ftar  by  a  near 
approach  to  the  Sun,  or  the  interception  of  it's  light  by 
another  ftar  interpoiing  between  the  Sun  and  it.     Latin. 

Lmpenetrability, 
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Impenbtiabilitt,  that  property  of  all  bodies,  in  rirtue  of  nrhidi 
no  two  can  occupj  the  (ame  fpace,  at  the  fame  time. 
Latin. 

Impulsion,  the  agency  of  one  body  in  motion  upon  another. 
Latin. 

Imputability,  the  quality  of  being  charged  upon,  or  afcribcd 
unto.     Latin. 

Incidimce,  the  diredion  in  which  one  body  falli  upon  or  ftrikcf 
another :  and  the  angle  formed  by  that  lincy  and  the  plane 
flnick  upon 9  is  called  the  angle  of  incidence.     Latin. 

Index,  the  fore-finger,  any  inilrument  that  points  out  or  indicates. 
Latin. 

Inditidual,  one  (cparate,  diiUnft,  undivided  whole. 

IwEKTiA,  that  quality  of  bodies  in  virtue  of  which  thej  are  dif- 
pofed  to  continue  in  a  flatc  of  reft,  whca  at  reft,  or  of 
motion,  when  in  motion*;  and  '^hich  cam  be  overcome 
only  by  a  power  not  in  body  itfelf.    Latin. 

Infinity,  boundleflhels,  applied  equally  to  (pace,  number,  aod 
duration :  in  infinitum  without  limit,  without  end.     Latin. 

Inflection,  the  ad  of  bending  or  turning.    Latin* 

Inherent,  naturally  belonging  to,  and  infeparable  from.     Latin. 

Intellectual,  relating  to  the  underflanding,  mental.     Latin. 

Intensity,  the  ftate  of  being  ftretched,  heightened^  alleged  to  a 
very  high  degree.    Latin. 

Interception,  the  cutting  off  or  obilruftion  of  communication. 
Latin. 

Intersect,  mutually  to  cut  or  divide.    Latin. 

Interstice,  the  fpace  between  one  thing  and  another. 

Inverse,  having  changed  places,  indire6t,  turned  upfide  down. 
Latin. 

Iris,  the  circle  round  the  pupil  of  the  eye.    Latin. 


Lab 


YRlNTBi 
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L. 


Labyrinth,  maze,  inextricable  difficutty  or  perplexity.     Latia. 

Latituhi;,  in.  Geography,  meafurement  of  the  Globe  from  th^ 
Equutor^  Northward  and  Southward  to  the  P'oles^  in  de- 
grees and  minutes.  The  degree  contains  about  69  Engllib 
miles,  and  ti  minute  is  the  (ixtieth  part  of  a  decree*  llifc 
highcft  poifible  degree  of  Latzhtdt  isat  thePo/«r,^afch  being 
9Q  degrees  from  thc^£fff<i^r«    LliUn. 

Leks,  a  round  glafsy  doublt-conrcx,  for  affifting  vifion,  or  deriving 
fire  from  the  colledted  rays  of  the  Sun.  Lenticular.,  having 
the  form  of  a  lens, 

Ltvttf  rifing  or  faHlng  to  the  fame  height.     Saxon. 

Li T£ RATI,  the  learned;  the  plural  of  the  Latin  word  Utet^aim  a 
karticdman. 

Logic,  the  art  of  right  reafoning,  for  the  purpofcof  inveftigatln^ 
and  communicating  ufeftrl  truth.    Greek. 

Longitude,  in  Geography,  meafurement  of  the  Globe  in  degrees 
and  minutes,  round  and  round,  from  Eaft  to  Weft.    Latia. 

LcNAR-TiDE,  the- flowing  and  ebbrng  of  the  tide  relatively  to  the 
Moon.     Latin. 

Lymphatic,  rcflels,  (lender,  tranfparcnt  tubes  through  which 
Imp  ft  ^  or  a  clear  colourlcfs  fluid  is*  conveyed. 


M. 


Magnet,  and  it*s  compounds,  a  fltone  which  attrads  iron  and 
fteel ;  and  gives  a  northerly  dire(5iion  to  the  needle  of  the 
Mariner's  Compafs.     Art  has  been  enabled,  by  means  of 
bars  of  iieel,  fuccefsfuUy  to  imitate  the  natural  magnet  or 
loadflone.    Latin. 

Magnitude,  greatnefs,  bulk,  extenlion.     I^tin* 

Makicheak, 


I 
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Manichean,  one  of  a  {e6t  who  muintained  the  exiftence  of  1  Ai- 
preme  evil  fpirit. 

Major,  in  I*ogic,  the  firft  proportion  of  a  lyUoirtrin,  containing       [ 
feme  general  oflertion  or  denial ;  as,  aid  men  qth  mwial\  m 
man  it  perfi^.     I#atin. 

Materialist, one  who  deniesthe  eziftence  of  fpiritualfuhftanccs. 
Latin. 

Mathematics,  the  Science  which  has  for  its  objedfc  everr  thing 
capable  of  being  meafured  or  numbered.     Greek. 

Mean,  or  Medium^  in  Phjrfics,  fomewhat  intenrening  between 
one  fubftance  and  another:  in  Logic,  an  intermediate 
propofition  employed  to  lead  to  a  fair  and  juft  conclufion. 
Latin. 

Mechanics,  the  Geometry  of  motion;  the  Science  of  conftrud- 
ing  moving  machinery,     Greek. 

Membrane,  a  web  of  various  fibres  interwoven,  for  wrapping  up 
certain  parts  of  vegetable  and  animal  bodies.     Latin. 

MENiscus-lens,  in  Optics,  a  glafs  which  is  convex  on  one  furfoce, 
and  concave  on  the  other. 

Mephites,  poifonous,  ill-fcented  vapor.    Latin. 

Mercury,  the  chemical  name  of  the  fluid  commonly  called  qwck- 
Jilver,     Latin. 

Meridian,  in  Geography,  a  great  circle  encompaffing  the  Globe 
in  the  diredion  of  South  and  North,  and  dividing  it  into 
the  eaftern  and  weftern  Hemifpheres.  The  deorccs  of  La- 
titude, from  the  Equator  to  both  Poles,  are  marked  on  this 
circle.  Every  fpot  of  the  Globe  comes  to  it's  meridian  once 
in  every  twenty-four^  hours,  that  is,  has  it's  inftant  of  noon. 
Latin. 

Metaphysics,  otherwifc  called  Ort^(;//>^,  the  Science  of.  the  af- 
fections of  being  in  general.  It  employs  ahftra6h  reafonin«^. 
Turn  to  the  word  Abstract.     Greek. 

Meteorology,  the  Science  of  Meteors,  that  is,  of  bodies  floatin<r 
in  the  air,  and  quickly  pafling  away.     Greek. 

MiCROiCOPB, 
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If  iGEOMof  x»  an  optical  inftfament,  which,  bj  ueaits  cf  a  greatly* 
magnifying  glafs,  renders  diilindlj  tiiible  obje^  too .  mi** 
nutefcMTtheunaffifUdeye.    Greek. 

Mixoa,'  ia  l^^c,  the  iecond,  or  particular  propofition  of  a  fyU 
logifia :  for  example,  in  this  Syllogilm, 
All  men  are  mortal : 
■  But|  The  King  is  a  caan  ; 
Therefore,  The  King  is  mortals 
The  firft  propolitioni  AU  men  are  mortaiis  the  Major i 
the  fecond,  the  King  is  a  mant  is  the  Minor^  and  thefe  two 
are  called  the  premijhs ;  the  thirds  tke  King  is  mortali  is  the 
dotidiifion.    LarinV-  ' 

Mqbilitt,  eafineis  of  being  mored^    Latm« 

Mode,  in  Logic,  particular  fonxi  or  Urufture  of  argument, 
Latin. 

Monad,  a  minute  particle  of  matter  which  admits  of  no  farther 

■'  ... 

fubdivifion.     Greek* 
MoNOCHORD,  a  muiical  initrument  of  one  firing.     &reek« 
Mtops,  ihort-ilghted.    Greek. 

Nadir,  the  Point  in  the  heavens  dire^y  und^r  foot.    Arabic. 

KAViOATiON^tbeart  offaiii;ig«    Latin. 

Nso ATtOHi  delaial,  the  oppofite  of  ajarmaium*    Latin. 

Notion,  bought ;  reprefentation  of  anj  thing  formed  by  the 
mind.    Latin. 


OiiJlieJ:rtt%4eli^,  ih  Optics,  that  giafs  of  a  tele&ope  which  if 
twtedta  the  ^^f^  or  tiung  looked  at.    Latin. , 

DsLr^vfej  tfbttifae^  8(M  fptrpendiculiur^  not  pasaUei^,    Latin: 

ToL.II.  Kk  Obsbrvatort^i 
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OBfEftVAtoftv,  an  tdifice  reared  for  the  purpafe  <tf  aftronomicd 
obfcrvaihm*.     Latin* 

OccuLT»  fccrety  unknown,  undifooverable.     Latiii* 

Octave,  in  Muiic,  a  regular  fuccei&on  of  notes  ffom  ode  to  exgiit* 
the  firft  and  the  eighth  having  the  fame  name  and  emitting 
the  fame  found.     Latin. 

OcuLAR-lens,  in  Optics,  that  glafii  of  a  telclcope  which  is  applied 
to  the  eye.  .  Latin. 

P^  A9UEy  what  does  not  tranfmit  the  rays  of  light,  not  trai^fparent. 

Latin. 


Optics,  the  Sdence  of  the  nature  an^Iaws  of  vifion,  or  fight. 
Greek. 

•  ■  •     •  • 

Oaa,  fphere,  heavenly  globiUar  body*     Latin. 

Orbit,  the  circular  path  in  which  a  planet  mores  round  the  Sun* 
Latin.  .    . 

Oscillation,  alternate  moving  backward  and  forward  like  the 
pendulum  of  a  clock.    Latin* 


.v 


<. 


p* 


Paradox,  a  tenet  which  exceeds  or  contradifts  received  opinion^ 
alfirmltion  contrary  to  aj!)pcarin6c.     Greek. 

pARALLEL-lines,  in  Geometry,  lines  which  thrOugh  the  whole  of 
their  length  maintain  the  fame  dtilance :  they  are  the  op« 
.    '        poiitc  of  convergent  and  divergent.     Greek. 

Parallelism,  Hate  of  being  parallel.  ^       ...    - 

Parallelogram,  a  geometrical  figure  of  four  iides,  having  thi^ 
property,  that  the  oppofi^e  fides  are  equal  and  parallel,  atid 
the  op  polite  angles  equal.     Greek. 

Fellucii>^  what  tranfmits  the  rays  of  light :  tranipareat.     Latin* 

PENDULUM,  a  heavy  body  fufpended,  fo  as  to  fwing  back«rard  and 

•   forward  withpot  obftruftioDj^  Un  the  purp^ft  of  meafucing 

.    .:  times 
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time :  the  great  perfedioh  of  fuch  an  inftniment  is,  that 
crery  vibration  or  fwing  ihall  be  performed  in  exadtly  the 
lame  quantity  of  time.     Latin. 

Perception,  the  power  of  perceiving,  knowledge^  confcibufhefs* 
Latin. 

Permeable,  what  niay  be  paflcd  through.     Latin. 

Perpendicularj  in  Gcometty,  one  line  ftandirig  on  another,  or 
on  a  horizontal  plane,  without  the  flighted  inclination  to 
one  fide  more  than  another^  and  forming  rightangles  with 
the  horizontal  line  or  plane.     Latin. 

PhalanX|  a  military  force  dofely  embodied.    Latin. 

Phasis,  appearance  prefented  by  the  changes  of  a  heavenly  body, 
particularly  thofe  of  the  Moon.  The  Greek  and  Latia 
plural  phafis  is  adopted  in  our  language. 

Phenomenon,  flriking  Appearance  of  Nature.  The  Greek  plural 
phenomena  is  in  common  ufe. 

Philosophy,  knowledge  natural  or  moral :  Sydem  in  correfpon* 
dence  to  which  important  truths  are  explained :  Acade* 
mical  courfe  of  Science.     Greek. 

Physics,  the  Science  of  Nature;  natural  Philofophy.     Greek.    . 

Piano,  iii  Mufic,  foftly,  delicately,  oppofite  to  forte.     Italian. 

Piston,  the  moveable  circular  fubftance  fitted  to  the  cavity  of 
a  tube,  fuch  as  a  pump  or  fyringe,  for  the  purpofe  of 
fudlion,  expulfion,  or  condeniing  of  fluids.     French. 

Planet,  a  wandering  ftar ;  thofe  heavenly  bodies,  our  globe  being 
one,  which  perform  a  regularly  irregular  courfe  round  the 
Sun,  are  called  planets.     Greek. 

Plano-concave,  in  Optics,  a  glafs  which  has  one  furface  plane, 
and  the  other  hollow.     Latin. 

Plano-convex,  an  optical  glaft  which  has  one  furface  plane,  and 
the  other  raifed.     Latin. 

Plenum,  fpace  filled  with  fubftance.    Latin. 

>  • 

Kk2  Plumb-line, 
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FLt'MB-LiN£y  a  weight  appended  to  a  ftring,  for  the  piupofe  of 

afcertaiiung  per|)endicuUrlty. 

PoLAR-CiacLEs,  circleH  parallel  to  the  Equator  and  the  Tropics, 
ift  the  diftance  of  twenty  three  degrees  and  a  half  eadi 
from  it*s  refpedivc  Pole.     Latin. 

Po  L  A  a  1 T  Y  y  tendency  toward  the  Pole.     Latin. 

Pol  y  (ioSf  a  figure  having  many  fidca  and  angles.     Greek* 

PoLYTU£J8My  the  doArins  of  a  plurali^  of  Gods*     Greek* 

Poaouf  y  full  of  fmall  minute  paflages*    Greek. 

PaEsBYTESy  far-fighted.    Greek. 

Pkescience,  foreknowledge.    Latin. 

PaEDiCATE,  in  Logic,,  what  is  affirmed  of  the  fubjeft,  as,  man  is 

ralionaL     Latin.  I 

PiEDiLECTiON,  preference  given  from  pre-conceiyed  affe^on. 
Latin. 

Pre-established  harmony,  the  metaphjrfical  doftrine  of  an 
original  adaptation  of  mind  to  matter,  by  a  creative  a<^  of 
the  Supreme  Will,  in  virtue  of  which  every  human  adion 
is  performed. 

Prism,  a  triangular  optical  inftrument  of  glafs,  contrived  for  the 
purpofe  of  making  experiments  with  the  rays  of  light. 
Greek. 

Problem,  a  propofition  announcing  fomething  to  be  firft, per- 
formed and  then  demonft rated.     Greek. 

Probo^is,  the  fnout  or  trunk  of  an  elephant  or  other  animal. 
Latin* 

"PnoMiNENT,  jutting  out,  projcding  forward.     Latin. 

Proposition,  a  point  advanced  or  affirmed  with  a  view  to  proof. 
Latin. 

Proximity,  neamefs.     Latin. 

Pupil,  in  Optics,  the  apple  of  the  eye.     Latin. 

Pyrometer,  a  machine  contrived  to  afcertain  the  degree  of  the 
expanfion  of  folid  bodies;  by  the  force  of  fire.     Greek* 
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PYV.RHONIST,  an  univeHal doubter  and  unbeHerer;  derived  from 
the  name  of  the  Man* 


Q. 

Quadrant,  the  fourth  part  of  a  circle;  an  inilrtiment  of  that 
•  form,  contrived  to  meafure  and  afcertain  Latitude,    Latin. 

Quadrilateral,  coniifling  of  four  fides.     Latin. 

Quotient,  in  Arithmetic,  the  number  reful ting  from  the  divifion 
of  two  numbers  which  meafure  each  other*  Thutondi« 
viding  3$  by  4,  we  have  a  quotient  of  9, 


R. 


Radius,  in  Engliih  ro^,  a  draight  line  drawn  from  the  centre  of  a 
circle  or  fphere  to  the  circumference.  The  Latin  plural 
radii  is  in  ufe. 

Rarefaction,  the  rendering  of  a  fubftance  thinner,  more  tran£> 
parent,  it  is  the  oppoiite  of  condenfatlon.     Latin* 

Ratio,  proportion.     Latin. 

Ratiocination,  a  procefs  of  reafoning,  a  deduAion  of  fair  con- 
cluiions  from  admitted  premifes.    Latin* 

Recipient,  that  which  receives  and  contains.    Latin* 

Reciprocally,  mutually,  interchangeably.    Latin. 

Rectangular,  contaiizing  one  or  more  right  angles.  A  right 
angle  confifts  0^90  degrees.     Latin* 

Rectilinear,  conftUng  of  ftraight  lines.    Latin. 

Reflection,  in  Gitoptricks,  the  fending  back  of  the  rays  of  light 
from  an  i4uminated  body.    Latin. 

RSFLUx,  the  orbing,  or  flowing  back,  of  the  tide.    Latin. 

Refraction')  in  Dioptricks,  the  deviation  or  broken  ofFcourfe  of 
a  lay  of  light  on  pailiiig  obliquely  from  one  medium 

K  k  3  through 
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through  aupther^  09  from  air  jthroiigh  water    or  glafs* 
Latin. 

Ref&angibility,  difpofition  to  leave  the  direct  courfcy  capability 
of  being  broken  or  refraded.     Latin  ^ 

R£FRiNQ£NT-medium,  that  which  alters,  or  breaks  off.  the  courfe 
of  rays.    Latin* 

BxMiMiscENCEy  the  power  of  recoUc^on^  memory^     Latin. 

Repulsion,  the  adb  or  power  of  driving  back.     Latin. 

Re8inou8>  confiding  of,  or  limilar  to  reiin>  the  fat,  fulphureous 
emanation  from  certain  vegetables.     Latin. 

Resonance,  found  repeated.     Latin. 

Respiration,  the  aft  of  breathing.     Lsttin. 

Reticulated,  formed  like  a  net.     Latin. 

Retina,  the  delicate,  net-like  membrane  at  the  bottotn  of  the 
eye,  on  which  are  painted  the  images  of  thp  objects  which 
we  contemplate.     Latin. 

RetR-OGRADe,  moving  in  a  backward  direftion.     Latin. 
Reverberation,  the  adt  of  beating  or  driving  back.     Latin. 
Re  VERY,  loofe,  wild,  irregular  meditation. 

Satellite,  an  inferior,  attendant  planet  revolving  round  a  greater, 
Latin. 

Scalpel,  a  chirurgical  inftfument  ufed ftr  fcraping  a  bone.  Latin. 

Science,  knowledge :  in  the  plural,  the  fe\en  liberal  arts,  namely. 
Grammar,  Rhetoric,  Logic,  Arithn-etic,  Mufic,  Geome- 
try, Aftronomy. 

Segment,  in  Geometry,  part  of  a  circle  formed  by  a  llraight  line 
drawn  froni  one  extremity  of  any  arch  tb  the  other,  and 
the  part  of  the  circumference  which  conftiti^es  that  arch. 
The  ftraight  line  is  denominated  the  chord  of  the  arch 
from  it's  refemblance  to  a  bow-ftiing,    Latin. 

Se»hcircle, 
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{Semicircle,  the  half  of  a  circle;  the  fegment  formed  by  af  dia«* 
meter  as  the  caord,  and  one  half  the  circumference  a^  the 
arch.     Latin. 

Semitone,  in  Muiic,  half  a  tone,  the  lead  of  all  intervals  admitte4 
into  niodern  muiic.  The  femitone  major  is  the  diiference 
between  the  greater  third  and  the  fourth,  it's  relation  is  ai 
15  to  16  :  the  femitone  T/ii/wr  is  the  difference  of  the  greater 
third  and  ^the  ieffh  third,  and  it's  n^atioa  is  as  24  to  25. 
Latin. 

Sensation,  perception  by  means  of  the  fenfes.     Latin. 

Sewp^,  regular,  fettled,  proportional  6rdcr  or  progreffion,  as,  m 
numbers,  9,  18,  27,  36,  45,  54,  6$  are  in  sl  Jeries,  The 
word  is  the  fame  fingular  and  p)ural.     Latin. 

Seventh,  in  Mulic,  the  inverted  difcordant  Interval  of  the  Second^ 
called  by  the  Ancients  Heptachordon,  bepaufe  it  is  formed  of 
feven  founds.  There  are  four  forts  of  thc/eventhy  of  which 
the  following  are  the  proportions  in  numbers ;  as  5  to  9  ; 
as  8  to  15 :  as  75  to  128 :  as  81  to  160 :  it  is  harfh  and 
unharmonious. 

Solar-tide,  the  flux  an4  reflux  of  the  tide  irelatively  to  the  Sun. 
Latin. 

Solution,  demonftration,  clearing  up  of  intricacy  or  difficulty. 
Latin. 

Sonorous,  emitting  loud  or  fhrill  founds.     Latin. 

Species,  kind,  fort,  clafs;  fee  Genus.  It  is  the  fame  in  (inguW 
and  plural.     Latin. 

Spectrum,  an  image;  a  vifible  form.    Latin. 

■Sphere,  Globe.     Greek. 

Spheroid,  approaching  to  the  form  of  a  fphere,  but  fomewbat 
lengthened.     Greek. 

Spiritual,  not  confiding  of,  diftindl  from  matter  or  body.  Latin. 

Sublime,  elevated  in  place;  in  Chymiftry,  raifed  by  the  force  of 
fire.     Latin. 

SuBTBKFfJGSt 
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SuBTSmrcoEy  mean,  ptltry  efoape  or  evafion*     L.atia. 

SuBTsamAitEOUSy  under  the  fur&ce  of  the  groand*     Latin. 

SuBTiLEy  thin,  not  dcnfe,  not  grofs.     Latin. 

SupsaFiciAL,  external,  extended  along  the  furface.     Latin. 

SvPEBMATuaAL,  what  is  above  or  bejond  the  powers  of  Nature, 
Latin. 

SoBPACE*  in  Geometry,  length  and  breadth  without  thicknefii. 

French. 

Syllogism,  in  Logic,  an  argument  confifting  of  three  propo- 
rtions :  for  example.  Every  virtue  is  commendable :  Aanejfy 
is  a  virtue ;  therefore  honefiy  is  commendable.  See  Major  and 
Minor.     Greek. 

System,  a  fcheme  of  combination  and  arrangement,  which  re- 
duces  many  things  to  a  regular  conneftiou,  depei^dancc 
and  co-operation.    Greek. 


T. 


Tangent,  in  Geometry,  a  ftraight  line  touching  a   circle  exter- 
nally in  a  iinglc  point.     Latin. 

Telescope,  an  optical  inftrument  deiigned,  by  the  Tnaonifyino^ 
power  of  glalfcs,  to  reprcfcnt  didant  bodies  as  much  nearer.' 
Greek. 

Temperament,  ftate  of  body  or  mind  as  produced  by^  or  depend- 
ing upon,  the  predominancy  of  a  particular  quality.  Latin, 

Tension,  the  Hate  of  being  (Ireichcd  out,  wound  up/  dillendcd. 

Latin. 

Tenuity,  thinnefs,  delicate  finenefs.     Latin. 

Term,  d^fcriptive  name,  or  phrafe;  component  part,  concUtion. 
Latin. 

Terra^^ueous,  confifling  of  land  and  water.    Latin. 

Theology, 
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Theology,  fyftcmatic  Divinity.     Greek* 

Theorem,  a  propodtion  announced  for  demonllration.     Greek. 

Theory,  a  dodlrinc  contemplated  and  conceircd  in  the  mind,  but 
not  yet  confirmed  by  irreiiflible  argument,  or  facisfying 
experiment.  .  Greek. 

Thermometer,  an  inftrument  contrived  to  meafure  the  heat  of 
the  air  or  other  body  by  means  of  the  rifing  or  falling  of  a 
fpirituous  fluid.     Greek. 

# 

Third,  in  Mufic,  the  firft  of  the  two  impcrfeft  concords,  fo  called 
becaufe  it's  interval  is  always  compofed  of  two  degrees  or 
of  three  diatonic  founds.  The  tierce  major  or  greater  thint^ 
is  reprcfented  in  numbers  by  the  ratio  of  4  to  5  :  and  the 
lejfer^  by  the  relation  of  5  to  6.  See  Vol.  II.  Let.  VI. 
and  VII. 

Tide,  the  alternate  rifing  and  falling  of  the  Water  in  rivers,  and 
along  the  ihores  of  the  Sea.     Saxon  and  Dutch. 

Tone,  in  Mufic,  the  degree  of  elevation  which  the  voice  aiTumes, 
and  to  which  inftruments  are  adapted,  in  order  to  the  har« 
moniousicxecution  of  a  mufical  compofition  :  a  pitch  pipe. 
Latin  and  Greek. 

Transit,  in  Aflronomy,  the  palling  of  one  heavenly  body  over 
the  difk  of  another.     Latin. 

Transmission,  permiflion  to  pafs  through.     Latin. 

Transparent,  clear,  what  Qiay  be  feen  through,  as  air,  water, 
glafs.    Latin. 

Transverse,  in  a  crofs  diredfcion.  -  Latin. 

Triangle,  a  geometrical  figure  confifling  of  three  fides  and  three 
ano^les.     Latin. 

Tube,  a  pipe ;  a  long  hollow  body.     Latin.     ^ 

Tunic LS,  a  fmall  coat  or  covering.    Latin. 


Vacuum, 
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V. 

VActTBiy  empty  rpace.    Latin. 

Valv£»  a  moveable  membrane  in  the  Tcflcls  of  an  MninvJ  body, 
and  imitated  by  art  in  the  conftruction  of  various  machines, 
tihich  opent  for  giving  paflage  to  fluids  in  one  diredtion, 
l)ut  (huts  to  oppofe  their  return  through  the  fame  paflage. 
Latin. 

Velocity,  fpeed,  fwidnefs  of  motion.    Latin. 

VEaxicAL,  perpendicularly  over  head.  Vertical  angles,  in  Gto* 
metf}-,  are  thofe  formed  by  the  interfc&ion  of  two  llraight 
lines,  in  whatever  dircdlion,  making  four  in  all  at  the  point 
of  intcrfcdlion,  and  of  which  the  mutual  two  and  two  are 
c'|ual.     Latin. 

ViniiATioN,  rapid,  tremulous  motion  backward  and  forward. 
Latin. 

Visual,  relating  to  viiion  or  light;  belonging  to  the  eye.     Latin. 

Vitreous^  compofcd  of,  or  rcfcmbling  glafs.  -  Latin. 

Vivid,  lively,  bri(k,  fp rightly,     Latin. 


U. 


Ultimatc,  final,  beyond  which  there  is  np  farther  progrefs. 
Latin. 

Unison,  emiflion  of  the  fame  or  harmonious  founds.     Latin. 

Untenable,  what  cannot  he  maintained  or  fupported. 


Waning,  gradual  diminution  of  apparent  magnitude  and  light. 
Saxon. 

6  Waxing, 


\ 
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\^AXiM6»  gradual  iQcrcafe  of  apparent  magnitude  and  light;  par^ 
ticularly  of  the  Moon*     Saxon  and  Daniih. 

WiND-ouN,  a  gun  which  forcibly  emits  a  ball  by  means  of  coins 
prefled  air  or  wind* 

Z. 

Zenith,  the  point  in  the'  heavens  direftly  perpendicttlar  or  Ter« 
tical:  exaftly  over  head :  the  oppoiite  of  iViiK/^r,    Arabio* 
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